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Abstract
Color matching is an important issue in the flexographic industry today because of
many problems related to it. For example, there are few standards of ink and color for
spot color printing. Further, there is no standardization in the communication among
anilox roller suppliers and their customers concerning the specific cell volume mea
surement of the anilox roller. This research focused on the study of the use of the band
ed anilox roller as a tool for color proofing under the assumption that a spot color
printed by the flexographic process actually should be produced using a banded anilox
roller as a tool for color proofing. The major questions for this study were:
1. How will the anilox cell volume and line screen per inch affect the CIE
LAB total color difference (AE) ?
2. Can the same color actually be produced with a AE < 2 (good match) by using
the same specification of anilox roller?
This research was conducted by printing a spot color with two banded anilox
rollers to match the original Pantone color as close as possible and using it for the ref
erence. The data collected from each of the bands was plotted in diagrams to see the
effects of cell volume and line screen per inch on the total color difference(AE). In this
experiment, two ink color strengths were used.
In the second experiment, three anilox rollers were tested. The same specifica-
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tions were given from the particular band of banded anilox roller derived from the first
experiment to give the best color match from the first run. The second experiment was
to print the same spot color using the three anilox rollers and banded anilox to deter
mine which would give the closest match to the original Pantone color. Samples from
each of the anilox rollers were collected and measured for their total color differences
(AE) as determined relative to the sample mean of press sheets selected from the sec
ond press run of the banded anilox roller. In addition, the same banded anilox from the
second press run was used to run again to confirm the result. The press sheets for each
of the anilox rollers was evaluated for the degree of color matching to the press sheet
printed by the banded anilox from the second press run.
The study results show that there is a negative linear relationship between the
cell volume (BCM) and the CIE LAB total color difference (AE), and a positive linear
relationship between the line screen per inch (LPI) and the CIE LAB total color differ
ence (AE). Ink color strength also has a significant impact on the changing of the AE
value. Furthermore, the same color can be produced with AE < 1 ( no difference) by
using the same banded anilox roller. However, only one of the three anilox rollers from
different suppliers can produce the same color with the CIE LAB total color diffference
(AE) < 2.
Chapter 1
Introduction
Flexography is a high speed, productive printing process. Many manufacturers use
flexography to print products, such as corrugated containers, envelopes, flexible pack
aging, folding cartons, gift wraps and covering papers, milk and beverage cartons,
multiwall sacks, plastic carrier bags, rigid paperbox, cups and containers, tags and
labels, and newspapers, etc.1
Flexography has many advantages. First, various kinds of substrates can be
printed by flexography. Second, it uses a wide variety of inks such as water-base ink,
solvent ink, and ultraviolet (uv) ink. Third, it uses photopolymer for printing plates
which can be mounted and proofed during the prepress operation. Fourth, it is an eco
nomical printing process for short run and long run jobs. Fifth, it is a variable-repeat-
length printing process and can print continuous patterns. And sixth, flexography can
perform continuous on-line operations, such as coating, laminating, die cutting.
Although flexography has many advantages, many problems can still be
improved, for example, inconsistent print quality, plate quality, ink related print quali
ty, lack of ink standardization, color matching, and environmental problems, etc.2
An area of importance in flexographic prepress is color matching, especially
1
2spot color printing. However, there is no standardization of inks and colors especially
for spot color printing, no standardization in communication among anilox roller sup
pliers and their customers about cell volume of the anilox roller as there are several
ways for cell volume measurement. Flexographers use Pantone color printed by
Lithography for spot color standards, and then try to match the color printed to this
standard. Sometimes by changing anilox rolls with different screen rulings, colors
printed can be matched or at least be closer to the lithographic Pantone. However, this
trial and error method can increase down time during the production of a job.
Significance of the Problem
Changing the anilox rollers during the production of a job for color matching increases
downtime. If operators could use a banded anilox as a tool for color proofing before
running a job, there would be reduced downtime, reduced substrates waste for make
ready , and increased productivity because more jobs could be run without down time
for changing the anilox roller. Also, there would be an increase in company profit. This
research, tested the banded anilox roller as a tool for reliable color proofing.
Statement of the Problem
The research focused on the effect of the anilox cell volume and line screen per inch on
the CIE LAB total color difference(AE). Does a difference in anilox cell volume and line
screen per inch result in the total color difference(AE) ? What kind of relationship exists
between them ? Can the same spot color be produced with a AE of less than 2 (good
match) by using the same specification of the anilox roller ? This research will prove
that a spot color printed by flexography can actually be predicted by using a banded
anilox roller as color proofing tool.
This research consisted of two experiments. The first experiment was to print a
spot color with two different color strengths using two banded anilox rollers. The pur
pose of this test was to verify the change in the CIE LAB total color difference(AE) due
to a change in anilox cell volume and line screen per inch. Also, the reference color was
made and kept for comparison with the results from the second experiment. The sec
ond experiment was to print the same spot color using the same banded anilox roller
and three other typical anilox rollers which have the same specification with selected
band of banded anilox roller. The printed samples were collected, and their CIE LAB
color differences (A E) were measured. By analysis of color differences among different
groups of data, the following questions were answered:
1. Does a difference in cell volume and line screen per inch of an anilox roller,
including ink color strength, result in the total color differences (AE)?
2. Are there any color differences in prints between the first and second experi
ment by using the banded anilox for same cell volume, line screen per inch,
D/O and ink color strength used? If yes, Can they be accepted or not?
3. Are there any color differences in prints between selected band of banded
anilox roll and other typical anilox rolls by using the same printing condi
tions in the second experiment? Can these differences be accepted or not?
4. Are there any color differences in prints among the three typical anilox roll?
Can these differences be accepted or not?
The answers to the above questions lead to conclusions ofwhether or not band
ed anilox rollers can be a reliable color proofing device.
Endnotes for Chapter 1
1. FFTA. (1996). Flexography Principle and Practices. Ronkonkoma, NY:
Foundation of Flexographic Technical Association, p.2
2. Barry Lee. (1996). Trends in wide web. Rochester, NY: Rochester Institute of
Technology. Hand out
Chapter 2
Theoretical Bases of the Study
Anilox cell Geometries
Anilox rollers have many names such as form rolls, meter rolls, knurled rolls, engraved
rolls, ink-application rolls, and ink-transfer rolls. Banded anilox rollers provide multi
ple line screens and volumes on the same roller. They can be made by mechanical
engraving, chrome plating, mechanical engraved ceramic coating, plain steel chrome
matte finish, and plain ceramic random coating. Mechanical engraved cell shapes have
an inverted pyramid as shown in figure 2-1
Figure 2-1. Inverted pyramid cell
Cell volume can be calculated by the following formula shown in figure 2-2.
A, CELLTOP AREA -> WALLWIDTH
A, BOTTOM AREA
Volume =S [(At + A2) + VKT^ ]
o
D = depth
A^ - area of opening
A2 - area of cell bottom
Figure 2-2. Calculation of cell volume
The function of anilox rollers is to supply a predetermined and uniform volume
of ink to the surface of a rubber or photopolymer printing plate. Anilox rollers can be
made of a special grade of stainless-steel which is soft, malleable and suitable for
engraving. After engraving, its surface is chromium plated to lengthen service life.
Its cell shape is a truncated pyramid. As an anilox roller is used, the base of
pyramid is worn. This is the area of the greatest volume. A little wear can cause
extreme change in the volume of ink that will be transferred to the printing plate.
From the diagrams below, if a 200-pyramid cell loses 20% cell depth, it will lose
about 43% of its volume. Similarly, a 120-pyramid cell will lose 49% of its volume.
Figure 2-3. Dimensional specifications of a 200-pyramid cell
tfifAOf}
64000^
Figure 2-4. 200-pyramid cell structure after 20% wear
1,030,000J
Figure 2-5. Dimensional specifications of a 120-pyramid cell
h
Sia.ooG*3
Figure 2-6. 120-pyramid cell structure after 20% wear
When the press is running, it has been theorized that at least the bottom third of
any cell does not release its ink. So when a cell is worn down, say 25% of its depth, the
resulting ink deposited could be less than 40% of the volume originally metered. It has
been suggested, before deciding to replace the anilox roller, try a very thorough scrub
bing to be sure the roll is not just clogged with ink.
There are 4 basic cell structures as shown in figure 2-7.
H B3
Figure 2-7. Cell structures. A. Trihelical B. Pyramid C. Quadrangular D. Hexagonal
The trihelical screen is an unbroken line inscribed at a 45-degree angle to the roll
axis, primarily used in coating applications of viscous fluids.3
The pyramid cell is an inverted pyramid coming to a point of five micron or less.
It is generally used with a wipe-roll metering
system.^
The quadrangular or quad, cell is an inverted pyramid with the bottom cut off.
With more positive release characteristics and more versatility, this cell has grown in
use with the wipe roll and doctor blade systems.^
The hexagonal cell has more open angles with good release characteristics and
can be chrome plated and ceramic coated more efficiently."
The quad channel screen (Figure 2-8) is a deep cell with a shallow, vertical chan
nel that link each cell and provides a means for even pick up and release of the heavi
est bodied inks, coating and adhesives. There is less resistance to filling the cell
because there is no trapped air to prevent the solution from flowing into the cell. The
channel provides an escape for air and prevents cavitation. This screen has been found
to give the most even lay down of ink.7
Figure 2-8. Quad channel screen
roller.
The diagrams below show line screen and volume of a laser engraved anilox
1 inch
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Figure 2-9. Cell per inch
Figure 2-10. Cell Volume ( BCM =billion cubic microns )
The formula for depth-to-opening ratio calculation and for cell shape compar
isons are shown below.
Figure 2-11. Depth-To-Opening Ratio
D/O Ratio (%) = [ Cell Depth (B) / Cell Opening (A)]
* 100
The cell depth is an important anilox specification. If the cells are too shallow,
they will not be durable. On the other hand if the cells are too deep, they will easily
plug up with ink. Therefore, this can cause color loss. The comparison between Figure
2-12, 2-13, and 2-14 shows different wall thicknesses and depths of the same cell vol
ume and their effect on ink transfer.
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wall cell
Figure 2-12. Wall 8.0 Microns/76.67 Opening
1. Most plate contact.
2. Least wall area for ink drops to span to connect to form a film of ink.
3. Thin wall, shallow depth, maximum release.
wall cell
"*;
Figure 2-13. Wall 16.0 Microns/68.67 Opening
1. Less plate contact.
2. More ink retained in the cell.
3. More wall area for ink drops to span and connect, forming a film of ink.
4. Fatter wall, deeper cell, less release. wall cell
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Figure 2-14. Wall 20.0 Microns/64.67 Opening
1. Least plate contact.
2. Most of ink retained in the cell.
3.Widest wall area for ink drops to span and connect, forming a film of ink.
4. Fattest walls, deepest cells, minimum release.
Anilox Volume Measurement
There are three primarymethods for cell volume measurement: microscope
measurement, liquid volume measurement and interferometry
Microscope Measurement
This measurement method is also called theoretical volume measurement. This
method uses an optical microscope to measure the dimensions of one cell and then cal
culate the volume-carrying capacity of the larger area. The measurement accuracy is
limited by (1) the human's ability to measure the cell's dimension ( X, Y and Z axis) in
microns (2) Amathematical formula used for cell volume calculation which is not accu
rate enough to describe an exact irregular shape of the wall, bottoms, slope and surface
of cell. (3) The difficulty to sample cells and manuallymeasure the volume by micro
scope to get the sample large enough to represent actual cell volume of population of
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cells on a roll accurately. This measurementmethod has the accepted tolerance of +/-
8%.
Liquid Volume Measurement
This method involves measuring the volume of liquid (=25 microliters) and
deposition on the roll surface. The liquid is spread to fill as large an area as possible.
The filled area is assumed to be inversely proportional to the cell volume. The accuracy
of this method depends on (1) Exact measurement and handle of small liquid volume
without leaving any residue on any device (2) Mathematical calculation for cell volume
(3)Exact measurement of the filled area (4) Evaporation of liquid used which depends
on time and temperature. This measurementmethod has the accepted tolerance of +/-
10%.
Interferometry
This method is based on the principle of interferometry ofwhite light. It can
measure surface height difference as small as a nanometer. By vertically scanning opti
cal profiles of the cell, the computer will generate an ultrahigh - resolution contour
map of the engraved cell surface and calculate average cell volume. This measurement
method has the accepted tolerance of +/- 5%.
14
Color Matching
In flexographic printing, there are many factors that can effect color in prints,
for example, ink viscosity, anilox roller setting impressions, press speed, substrates, etc.
The type of light source used for making color judgments can strongly affect the color
appearance. It is a good idea to check the color match under different light sources to
look for metamerism. If two colors have the same spectrophotometric curves, they will
have the same tristimulus values. As a result, they will match under any light sources.
Conversely, If they have same tristimulus values under one light source but not anoth
er, itmeans that they have different spectrophotometric curves. This phenomenon is
called metamerism, and two colors are called a metameric pair.
The human color perception is dependent on three factors, the light source, the
object, and the observer (eyes and brain). And this subjective evaluation is not a quan
titative measurement. However, for effective communications in the printing industry,
we need standard color measurement.
The most common colorimetric measurement system used in the graphic arts
industry is the CIE ( Commission Internationale de T Eclairage, or International
Commission on Illumination) system. The CIE system defines the standard light source
and observer based on the average human sensitivity to red, green, and blue light. This
tristimulus value of light ( Red = X, Green = Y, and Blue = Z ) are calculated from these
formulas:
X = k[Z(P*R*x(X))]
Y = k [ X ( P* R* y (X)) J
Z = k [ Z ( P* R* z (X) ) ] 15
where P(A.) = spectral energy distribution of light source
R(A,) = spectral reflectance of the object
x, y, z (X) = color matching functions of the standard observer
k=100/Z(P*y(X))
The tristimulus (X, Y, Z ) is mathematically changed into trichromatic coefficient
(x, y, z) for plotting on a chromaticity diagram.
x = X / ( X+Y+Z)
y = Y / (X+Y+Z)
z = Z / (X+Y+Z)
where x = fractional redness
y = fractional greenness
and z = fractional blueness
In 1976 CIE proposed CIE LAB color space. It consists of three variables, L*, a*,
and b*. Each of them can be calculated by the following formulas:
L*
= 116 ( Y/Yo)1 /3 16
a*
= 500 [ ( X/Xo)1 /3 ( Y/Yo)1 /3 ]
b*
= 200 [ ( Y/Yo)1/3 - (Z/Zo)1/3 ]
where
L*
= lightness
a* = redness (+a*), greenness (-a*)
b*
= yellowness ( +b*), blueness (-b*)
Xo, Yo, and Zo = tristimulus values of illuminant or reference white used.
1 6
It is impossible to produce exactly the same color in prints since there are limitations in
materials and the printing process. To this end, acceptable color difference is anticipat
ed. The CIE LAB total color difference ( A E) can be calculated by the following equa
tion:
A E = [ (A L*)2+ ( A a*)2+ ( A b*)2] * /2
AL*
= L*1 L*2
A a* = a*^ a*2
A b* = b*1 - b*2
The general rule of thumb for color matching is shown below:
A E Visual Perception Color matching Interpretation
< 1 No Difference Excellent
1-2 Just Noticeable Good
4-6 Different Fair
> 9 Very Different Poor
A spectrophotometer is used as a tool to measure the reflectance of a sample
along the visible electromagnetic spectrum. This instrument can record the spectropho
tometric curve of the illuminated sample. Spectrophotometers have many different
designs such as geometry ( integrating sphere or 0/45), spectral selection method (
grating, interference filters), etc. Spectrophotometers also can detect the difference of
spectrophotometric curves between two metameric samples under different light
sources to verify metamerism. They are very useful for color measurement.
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Chapter 3
A Review of the Literature in the Field
Flexography is a printing process that uses a resilient relief image plate, liquid ink, and
an anilox roller. The doctor blade is generally used as an ink metering system (figure 3-1).
Figure 3-1. Typical flexographic print station
A. Ink fountain with fluid ink E. Printing Plate cylinder
B. Rubber ink-fountain roller F. Substrate traveling though press
C. Reverse-angle doctor blade G Impression cylinder
Ink Fountain Roller
The ink fountain roller is made of natural or synthetic rubber. It is rotated in the ink pan.
Its function is to transfer the flow of ink from ink pan to anilox roller. Soft rollers transfer
more ink than hard rollers at the same nip pressure and speed, thus it is suitable for solid
printing. But hard rollers, have better ink transfer control because it will not let an exces
sive amount of ink thru the nip.
18
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Anilox roller
Anilox rollers are chrome-plated or ceramic-coated metal. Its surface is engraved into
numerous tiny cells which range from 80 to 900 cells per linear inch. This results in two
distinct areas of the anilox roller; the cell and the land. When the cells are filled with
ink from the fountain, they hold an accurate volume of ink which is transferred to the
printing plate. The anilox roller and the ink fountain rollers rotate against each other.
The ink fountain rollers usually rotates slower than the anilox roller for better
control of the ink film at high speeds and to minimize ink splashing. Furthermore, it
contacts the anilox roller with light pressure to prevent overinking and to keep ink
from being pressed down on the shoulder of the printing plate's raised-image areas.1
Reverse Angle Doctor Blade
The reverse angle doctor blade is a strip of spring steel, plastic or other synthetic mate
rial. Its function is to clean all the excessive ink from the surface of the anilox roller to
insure that the correct amount of ink volume will be transferred to the printing plate.
Too much pressure between the doctor blade and the anilox roller will result in wear
ing the anilox surface.
Plate Cylinder and Printing Plate
Plate cylinders are generallymade from steel. There are four types; Integral, Demount
able, Sleeve, and Magnetic. The printing plate is mounted to the plate cylinder with a
sticky- back tape, except for the magnetic cylinder which holds the printing plate with
a steel metal backing. The flexographic printing plate is a resilient relief plate. They can
be made ofmolded natural or synthetic plate compound or from a photopolymer
20
which can be a sheet or liquid photopolymer. However, the most popular flexographic
plate is the sheet photopolymer. There are 6 steps in photopolymer platemaking.
1. Back exposure of base to uv light to harden (cure) floor and establish relief
depth.2
2. Face exposure of surface to uv light though the negative to harden (cure)
printing images-3
3. Wash out in appropriate solvent to remove unexposed polymer and leave
printing images in relief.4
4. Dry to remove absorbed solvent and restore gauge thickness.5
5. Post expose to final cure of floor and character shoulder.6
6. Finish plate with chemical or uv light to remove residual tackiness.7
Ink
Flexographic ink is composed of colorants and a liquid vehicle. Colorants can be pig
ment, dye or both. A flexographic ink vehicle consists of resin, solvent and additives.
Its functions are to carry colorants to the substrate, set viscosity, set drying speed, and
also to bind the colorant to the substrate. Resin plays an important role in substrate
adhesion and specific end-use properties such as heat resistance and rub resistance.
The solvent effects the printability and drying speed. To maintain color intensity and
print quality, ink viscosity should be controlled.
Previous Research Related to Banded Anilox Roller and Color Matching
In John Ahrens's RIT master thesis (1980), The Determination ofUsing the Standard
ScreeningAngles when Printing with 400 count anilox roll and 100 line image
viaflexogra-
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phy, Ahrens ran four worn anilox rollers against 100-line images and found that when
printing a 100-line image by using a 400-count anilox roller,moire'can be produced
once the anilox has worn down enough because they had lost their metering effective
ness.
In 1994, tests, described in the article " Using Banded Anilox Rollers for F-TROP
Research"
by Michael Barrett and Bettylyn Krafft published in Flexo magazine, Vol. 19,
April 1994, showed the results of using banded anilox rollers to find the optimum tone
reproduction for halftone flexography. This test was conducted at Clemson University
by the F-TROP( The Flexographic Tone Reproduction Optimization Program) team
which included suppliers. Participants of the team were WR. Grace and Co.; Eastman
Kodak; Clemson University; Sun Chemical; Harper Corporation ofAmerica; Graphics
Microsystems, Inc.; and Color Responses. Banded anilox rollers provide multiple line
screens and volumes on the same roller. They make the testing of several different
anilox rollers at the same time possible; this results in reduce time for roller changes
and they reduce the cost of testing different anilox configurations.
This research was composed of three test runs. In the first test run, press sam
ples which each containing 54 tone scales plus a solid were printed. Magenta was the
only process color ink tested during this test run.
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Figure 3-2. Solid Ink Density(SID) vs. Anilox Lines Screen per Inch(LPI)
Figure 3-2 is a scatter plot of solid ink density(SID) as a function of anilox line
screen per inch(LPI). As LPI goes up, SID goes down since the anilox volume typically
decreases as LPI increases.
7 1 1 I T
10 15 20 25 30 35 40 45
D/O Ratio
Figure 3-3. Solid Ink Density(SID) vs. Anilox cell D/O Ratio
Figure 3-3, is a scatter plot of SID by anilox cell D/O ratio showing that as D/O
ratio increases, SID increases, but only to a point. Once the D/O ratio goes above
approximately 30 percent, SID will actually level off and then curve
downward.8
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Figure 3-4. Highlight Dot gain vs. LPI and D/O ratio
Figure 3-4 plots highlight dot gain as a function of anilox LPI illustrates that as
anilox LPI increases, highlight dot gain decrease since the anilox volume typically
decreases as LPI increases. This generally translates into printing a thinner ink film
with high-line anilox rollers. Also, plotting highlight dot gain by anilox cell D/O ratio
shows that when the D/O ratio increases, so does highlight dot gain but only to a
point.Once the D/O ratio went above approximately 30 percent, highlight dot gain lev
eled off and actually went down.9
The other measured quality attributes midtone dot gain at 50 percent, slur,
and print contrast were similar to that of SID and highlight dot gain. Testing shows
that as LPI goes up, midtone dot gain, slur, and print contrast goes down. Testing also
showed that when D/O ratio increases, so does midtone dot gain, slur, and print con
trast to a point where they actually level off. 10
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The second and third press runs were conducted to confirm these findings and
were proved to be true. The data collected from this press run was used to select the
appropriate anilox that produced the best tone reproduction for fingerprinting of the
press at Clemson University.
In 1997, tests, described in the article " FQC ColorMatching Project Continues
"
by Darryl Sagraves published in Flexo magazine, Vol. 22, May 1997, showed the results
of the color matching capability of flexography to match the lithographic printed col
ors in the Pantone Color Formula Guide. This research was conducted to determine if
the Pantone Color Formula Guide can be used as a standard color tool for standard
solvent-based polyamide-type inks printed on white opaque polyethylene. Seventy-six
colors were selected from the 1995 Pantone Color Formular Guide from seven color
categories: yellow, orange, red, gray/brown, green, blue and purple to represent color
samples from the guide. The results from the visual evaluation shows that the majority
of the Pantone color can be matched using the visual comparison method. However,
when using a spectrophotometer to measure the difference between the Pantone Color
Formula Guide and printed films, only 33% of the matched colors meet the industry
tolerance specification of AE < 2. There was little statistical difference in the instrument
types and the seven color groups. This research also indicated that there is a need for a
flexographic color guide for reducing the frustration and difficulties of flexographers
who use the spectrophotometer as a color measurment device.
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Chapter 4
The Hypothesis
The purpose of this research is to answer two major questions: (1) How does the anilox
cell volume and line screen per inch affect the CIE LAB total color difference(AE) ?
(2) Can the same color actually be produced with the total color difference(AE) < 2
(good match) by using the same specification of anilox roller?
The general rule of thumb for color matching is shown below:
A E Visual Perception Color Matching Interpretation
< 1 No Difference Excellent
1-2 Just Noticeable Good
4-6 Remarkable Fair
> 9 Very Different Poor
Statement of Hypotheses
Based on the two questions above, three hypotheses were developed for this study.
These hypotheses were written in the null form. If the hypothesis is rejected, then the
alternative hypothesis can be accepted.
HI: When a spot color is printed by flexography on coated paper, the increase
in anilox cell volume and the decrease in line screen per inch will result in
the decreasing of the CIE LAB total color difference(AE) by using lithograph-
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ic Pantone as a reference.
H2: When a spot color is printed by flexography on coated paper, the same color
can be produced with the CIE LAB total color difference(AE) < 2 ( compare
between first, second and third press runs) by using the same banded
anilox roller which is still in the same conditions.
H3: When a spot color is printed by flexography on coated paper, the same color
can be actually produced with the CIE LAB total color difference(AE) < 2
(compare to banded anilox ) by using same specification of anilox roller
from different suppliers.
Limitations and Delimitations
1. Assume printing press conditions were exactly the same for each press run.
2. Assume ink film thicknesses transferred from plate to paper were the same
for each of the press runs.
3. Two color strengths (High and Standard Strengths) of the same inks were
used for the first experiment to see the difference in changing the CIE LAB
total color difference(AE) for two different color strength levels.
4. The best color match of the banded anilox roller from the first experiment was
used again in the second press run to print the same color that was used as
reference color for calculating the CIE LAB total color difference(AE) as com
pared to three anilox rollers from suppliers and for testing the second hypothe
sis (H2). Moreover, the same banded anilox roller from the second press run
was used to run again for the third time to reconfirm the result.
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5. The test from for the second experiment ( Figure 5-4) was designed to verify
color consistency across the web.
Chapter 5
Methodology
The objective of the first experiment was to investigate the change of the CIE LAB total
color difference(AE) due to changes in anilox cell volume and line screen per inch.
Also, the best color match was kept as a reference to compare with the second test run.
The objective of the second experiment was to study how well the color was produced
by three typical anilox rollers in matching the color produced by the banded anilox
roller, and how much of a CIE LAB total color difference (AE) was produced by the
same banded anilox roller.
Experimental Procedures
The First Experiment
In order to prove the first hypothesis: When a spot color is printed by flexography on
coated paper, the increase in anilox cell volume and the decrease in line screen per inch
will result in the decreasing of the CIE LAB total color difference(AE) by using a litho
graphic printed Pantone color as reference, the first experiment was to print a spot
color with two different color strengths of the same ink using a banded anilox roller in
order to verify the effect of changing anilox cell volume and line screen per inch on the
CIE LAB total color difference(AE).
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1. Test Form Design and Platemaking
The test form for the first experiment was a 9x9 inch rectangular solid area as shown in
figure 5-1.
Figure 5-1. Test Form for First Experiment
The test form was output on the Agfa SelectSet 5000 imagesetter using Agfa Red-sensi
tive matte film and processed withAgfa rapid access chemistry. Platemaking was done
in the School of Printing Flexographic Laboratory at Rochester Institute of Technology
(RIT) using Cyrel HL plate ( thickness 0.0067 inch, durometer 66 shore A). Back expo
sure was 18 seconds. Main exposure was 5 minutes. Plate processing time was 6 min
utes with specific gravity of developing solution 1.40. Drying time was 1 hour at 135 F.
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Plate post exposure time was 14 minutes. The test form was mounted by 3M sticky
back , thickness 0.015 inch.
2. Press Run
The test form was printed on coated paper; Warren, SDW Lusterprint GR ( basis
weight 60 g/m2) with Environmental ink, Orange 021C at viscosity 19 seconds mea
sured by Zahn cup # 3. The press run was performed on a Mark Andy/4120 system,
narrow web flexographic press by using an Allison doctor blade( thickness 0.006 inch
at 65 degree setting angle). The press run was started with high strength ink and then
ended with a standard strength ink. The printing pressure was adjusted until the
image area became smooth. The banded anilox rollers used for the first press run and
their specifications are shown in Figure 5-2 and 5-3.
10.380"
BAND I BAND 2 BAND 3 BAND 4
2.50" 2.50" 2,50" 2.50" 0.1 9"
LS: 200
DEG: 60
LS: 300
DEO: 60
LS: 400
DEG: W
LS: 500
DEG: 60
O 120 O: 79 O: 58 O: 47
w
D
7
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D: 15,5
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D
4
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V 6.76 V; 4.81 V: 3.76 V 3.2
Figure 5-2. Banded anilox Specifications (# 1 Roll)
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BAND 4
2.5" 0.19"
LS: 600
DEG: 60
0: 38
W: 4
D: 11
V: 2.5
LS: 700
DEG: 60
O: 33
W: 3
D: 9
V: 2.2
LS: 800
DEG: 60
O: 29
W: 3
D: 7.5
V: 1.8
LS: 900
DEG: 60
O: 25
W: 3
D: 6.5
V: 1.5
10.380"
Figure 5-3. Banded anilox Specifications (# 2 Roll)
where LS = Line Screen per inch
DEG = Line Screen Angle
O = Opening
W = Wall
D = Depth
V = Volume
In the first experiment, each banded anilox roller was used to print with high
and standard color strength ink. Each combination of inks and banded anilox specifica
tions is listed in Table 5-1. In this test run, the banded anilox roller could not invert
from gear side to operator side ( from left to right) because of the difference in the
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design of each of the sides. For flexographic solid spot color printing, the press needed
to be set to optimum impression pressure so that the ink film thickness transferred
from the plate to substrate covers all image area to be a smooth solid area. However,
the difference in AE across the web was verified by the Kruskal-Wallis Test in the sec
ond experiment.
INKS
BANDED ANILOX SPECIFICATIONS
Cell Volume (BCM) Line Screen per Inch D/O Ratio
6.76 200 0.2166
4.81 300 0.2400
3.70 400 0.2670
High Strength 3.20 500 0.2765
2.50 600 0.2890
2.20 700 0.2727
1.80 800 0.2580
1.50 900 0.2600
6.76 200 0.2166
4.81 300 0.2400
3.70 400 0.2670
Standard Strength 3.20 500 0.2765
2.50 600 0.2890
2.20 700 0.2727
1.80 800 0.2580
1.50 900 0.2600
Table 5-1. The Combination of Ink Color Strengths and Banded Anilox Specifications
3. Data Collection: Color Measurement of Samples
At 150 fpm press speed, fifty samples for each group of ink color strength were ran
domly drawn to measure color in terms of L*, a*, b*and AE to compare to the original
Pantone standard. The measurements were carried out in the School of Printing Color
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Measurement Laboratory at Rochester Institute of Technology by using the X-Rite 938
spectrophotometer at
2 Standard Observer and D50 standard illuminant. Microsoft
Excel version 5.0 was used to collect data ( L*, a*, and b*) and to calculated AE. The
best match color from the band which has minimum AE was kept as a reference.
4. Plotting Graphs and Data Analysis
The data collected were calculated for their samples means and then were plotted into
graphs by usingMicrosoft Excel version 5.0 for further analysis. The following list is
of the graphs that were plotted: (1) The CIE LAB total color difference(AE) & Cell vol-
ume(BCM), (2) The CIE LAB total color difference(AE) & Line screen per inch(LPI), (3)
CIE LAB total color difference(AE) & D/O ( depth : opening ratio), (4) The color in
terms of L*, a*, b* & Cell volume (BCM), (5) The color in terms of L*, a*, b* & Line
screen per inch(LPI), (6) The color in terms of L*, a*, b* & D/0( depthopening ratio)
For each ink color strength level, the simple linear regression was performed by
Minitab 10.5 to find out the relationships. The following list is the relationships which
their regression equations and coefficient of correlations(r) were calculated: (1) The CIE
LAB total color difference(AE) & Line screen per inch, (2) The CIE LAB total color dif
ference^) & Cell volume(BCM), (3)
L* & Cell volume (BCM) , (4) a* & Cell volume
(BCM), (5) b* & Cell volume (BCM). By analyzing the data from the above diagram
and simple regression analysis, the first hypothesis: When a spot color is printed by
flexography on coated paper, the increase in anilox cell volume and the decrease in line
screen per inch will result in the decrease of the CIE LAB total color difference (AE)
using lithographic Pantone as reference, was proved.
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The Second Experiment
In order to prove the second hypothesis: when a spot color is printed by flexography
on coated paper, the same color can be produced with the CIE LAB total color differ-
ence(AE) < 2 ( compare between first and second press run) by using the same banded
anilox roller which is still in the same condition; and the third hypothesis: when a spot
color is printed by flexography on coated paper, the same color can actually be pro
duced with the CIE LAB total color difference(AE) < 2 (compare to banded anilox ) by
using the same specification of anilox roller from different suppliers, three typical
anilox rollers from three suppliers: Harper Corporation ofAmerica(A), Praxair Surface
Technologies(B), and Consolidated Inc.(C) were used to print alongwith banded anilox
of the bestmatch color from the first press run. In addition, the same banded anilox of
the best match color from the first press run was used to run again for the third time to
confirm the result.
1. Test Form Design and Platemaking
The test form for the second press run was a
9"x9"
rectangular but whichwas com
posed of
3"x3"
rectangular blocks. This test form was designed using QuarkXPress
version 3.31. Color uniformity across the web can be verified by this test form. The test
form was output on the Agfa SelectSet 5000 imagesetter using Agfa Red-sensitive matt
film and processed with Agfa chemistry. Platemaking was done in Flexo Lab using
Cyrel HL ( thickness 0.0067 inch, durometer 66 shore A). Back exposure was 18 sec
onds. Main exposure was 5 minutes. Plate processing time was 6 minutes with specific
gravity of developing solution 1.40. Drying time was 1 hour at 135 F. Plate post
expo-
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sure time was 14 minutes. The test form was mounted by 3M sticky back, thickness
0.015 inch. The test form for the second press run is shown in Figure 5-4.
Figure 5-4. The Test Form used for three typical anilox rollers in the second experiment
2. Press Run
In the second press run, materials, equipment, and printing conditions were consistent
as the first press run as much as possible, except for changing three anilox rollers for
testing. However, in this press run, only one ink color strength which was selected as
the best match color from the first press run was printed. The printing pressure
between plate and impression roller was set to be optimum and even for uniformity of
ink transfer across the web.
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3. Data Collection: ColorMeasurement of Samples
At 150 fpm press speed, fifty press sheet samples form each anilox roller were random
ly drawn to measure color in terms of L*, a*, b* and AE to compare color produced by
the best color matching band of banded anilox. The measurement was carried out at
the RIT color measurement laboratory by using the X-Rite 938 spectrophotometer at 2
Standard Observer and D50 standard illuminant. Microsoft Excel version 5.0 software
were used to collect data ( L*, a*, and b*) and calculated AE.
4. Data Analysis
To prove the second hypothesis: when a spot color is printed by flexography on coated
paper, the same color can be produced with the CIE LAB total color difference(AE) < 2
( compare between first, second and third press runs) by using same banded anilox
roller which is still in the same conditions, the CIE LAB total color difference(AE)
between the best color matching band from the samples of first, second, and third
press run were calculated.
To prove the third hypothesis: when a spot color is printed by flexography on
coated paper, the same color can be actually produced with The CIE LAB total color
difference(AE) < 2 (compare to banded anilox ) by using the same specification of
anilox roller from different suppliers, the CIE LAB total color difference(AE) between
the best color matching band from the samples of second press run and each of the
anilox rollers (measure color in the area that correspond to best match band position)
from suppliers were calculated for making conclusions by the general rule of thumb
for color matching:
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AE Visual Perception Color Matching Interpretation
< 1 No Difference Excellent
1 2 Just Noticeable Good
4 6 Remarkable Fair
> 9 Very Different Poor
Five press sheet samples were randomly selected to determine the AE between
every block across the test form and the Kruskal-Wallis test was used to test if there
was a difference in AE( between blocks ABC, DEF, and GHI ) across the web.
ColorMatching Evaluation
To confirm the above results by subjective evaluation, 41 people were asked that
from the second press run samples, the colors produced by anilox rollers from suppli
ers match the color produced by banded anilox roller by giving the score ( 0 = Not
match, 1 = Poor match, 2 = Fair match, 3 = Good Match, 4 = Excellent match ). The
average score of each anilox roller was calculated. The higher the score, the closer the
match.This test was done at the viewing booth in the color measurement laboratory
under standard viewing condition.
Equipments and Materials
1. Imagesetter: AGFA SelectSet 5000
2. Film: Agfa Red-sensitive matt film
3. Software: QuarkXPress 3.31, Microsoft Excel 5.0, Minitab 10.5
4. Printing Plate: Cyrel HL
Thickness: 0.067 inch
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Durometer : 66 Shore A
Back Exposure: 18 sec.
Main Exposure: 5 Mins.
Process time: 6 Mins, Specific Gravity 1.40
Dry time: 1 Hr, at 135 F
Plate Finish Time: 14 Mins.
Plate Post Exposure time: 14 Mins.
5. Sticky Back: 3M
Thickness: 0.015 inch
6. Ink: Environmental Inc.
Pantone number: Orange 021 C
Viscosity: 19 second, #3 Zahn cup, High strength ink
Viscosity: 19 second, #3 Zahn cup, Standard strength ink
7. Doctor Blade: Allison
Thickness: 0.006 inch
SettingAngle: 65 degree
8. Paper: Warren, SDW Lusterprint GR
Basis Weight: 41 pounds ( 60 g/m2)
9. Pressure Setting: Optimum ( so that smooth solid color)
10. Press : MarkAndy/ 4120 System
11. Press Speed: 150 fpm
Chapter 6
Results and Findings
The First Experiment Assessment
At 150 fpm press speed, fifty samples for each group of ink color strengths were
randomly drawn to measure color in terms of L*, a*, b* and AE compare to the original
pantone standard by using the X-Rite 938 spectrophotometer at 2 Standard Observer
and D50 standard illuminant (see Appendix A). The data measured was calculated for
their sample mean and then plotted into graphs and the simple linear regression were
performed byMinitab 10.5 to derive the relationship from the data measured.
Table 6-1 shows the measurement of the CIE LAB total color difference (AE)
between the original Pantone standard and the sample mean of the printed sheets of
200 LPI banded anilox roller which produced the best match color compare to the orig
inal Pantone standard with AE of 19.87.
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Samples Measurement
L*
a*
b*
White Paper Printed Paper
Pantone Guide Printed sheet Pantone Guide Printed sheet
93.58
0.61
1.93
92.25
0.96
3.88
62.33
62.5
93.4
60.75
62.7
73.59
AE 2.37 19.87
Table 6-1.The measurement of the CIE LAB Total Color Difference (AE) between the
original Pantone standard and the printed sheets of 200 LPI banded anilox roller.
The high value of the CIE LAB total color difference (AE) mainly caused by the
difference in ink and paper used, also the difference in ink film thickness produced by
the different printing processes.
The measurement results above indicates that the lithographic Pantone standard
is not suitable for the flexographer as the standard color for color matching using the
spectrophotometer because of the difference in the substrate and ink used.
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Cell Volume (BCM) vs. The CIE LAB Total Color Different (AE)
AE & Cell Volume(BCM)
Figure 6-1. Cell Volume (BCM) vs. The CIE LAB Total Color Difference (AE)
Figure 6-1 shows that as the cell volume increases the CIE LAB total color differ
ence (AE) decreases because the increase in cell volume results in the increasing of ink
film thickness and the amount of pigment deposited on the paper.
From the graph plotted, the slope of the high strength ink curve is steeper than
the slope of the standard strength ink curve. It is implied that the high strength ink has
the greater impact on the CIE LAB total color difference (AE) than the standard
strength ink because it has more pigment concentration of the same ink volume. Note
that the two curves intersect at the certain cell volume and have the same CIE LAB
total color difference (AE) value.
A linear regression was performed to find out the relationship between
cell volume (BCM) and the CIE LAB total color different (AE) (See Appendix B). The
results show that there is a negative linear relationship between cell volume (BCM)
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and the CIE LAB total color difference (AE) as the following equations:
For the high strength ink
AEhs = 65.7 - 7.58 BCM (1)
the coefficient of correlation (r) = 0.952
For the standard strength ink
AEstd = 44.4 - 3.07 BCM (2)
the coefficient of correlation (r) = - 0.820
By calculating the value of AE and cell volume (BCM) from the regression equa
tions above, the two curves intersect at 4.722 BCM with AE = 29.90 compared to the
original Pantone standard.
To summarize, the experimental finding and statistical analysis indicate that (1)
the higher the cell volume (BCM), the lesser the AE value (2) the higher the color
strength ink, the greater the impact on the AE value when the cell volume (BCM) was
changed.
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Line Screen per Inch (LPI) vs. The CIE LAB Total Color Difference (AE)
AE & Line Screen per Inch
-AEstd
-AEhs
200 300 400 500 600
L.P.I.
700 800 900
Figure 6-2 Line Screen per Inch (LPI) vs. The CIE LAB Total Color Different (AE)
Figure 6-2 is a diagram of the change in the slope of the high strength ink curve
which is steeper than the slope of standard strength ink curve due to the changing of
line screen per inch (LPI). When the line screen per inch (LPI) is increasing the CIE
LAB total color difference (AE) is increasing as well and the slope of high strength ink
curve is steeper than the slope of standard strength ink curve.
From Table 5-1 (pp. 33), the more line screen per inch (LPI), the less cell volume
(BCM). This causes the greater AE value. Note that two curves intersect at a certain line
screen per inch (LPI).
The result of the simple linear regression analysis ( See Appendix B) indicate
that there is a positive linear relationship between the line screen per inch (LPI) and
the CIE LAB total color difference (AE). The regression equations are shown as the fol
lowing:
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For the high strength ink
AEhs = 9.38 + 0.0568 LPI (3)
the coefficient of correlation (r) = 0.991
For the standard strength ink
AEstd = 20 + 0.0257 LPI (4)
the coefficient of correlation (r) = 0.954
By calculating the value of AE and line screen per inch (LPI) from the two equa
tions above, the two curves intersect at 341.47 LPI with AE = 28.775 compared to the
original Pantone standard.
Based on the above finding and statistical analysis, it can be concluded that (1)
the higher line screen per inch (LPI), the higher the AE value (2) the higher the color
strength ink, the greater the impact on the AE value when the line screen per inch (LPI)
was changed.
The L* value vs. Cell Volume (BCM)
L* & Cell Volume(BCM)
-L*std
-L*hs
BCM
Figure 6-3. L* vs. Cell Volume (BCM)
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Figure 6-3 indicates how the value of L* changes with increasing cell volume
(BCM). The high strength ink has the higher L* value than the standard strength ink at
any cell volume(BCM). The results of the simple linear regression analysis (See
Appendix B) shows that there is a negative linear relationship between the
L*
value
and the cell volume(BCM). The regression equation of two different color strength inks
are shown as the following:
For the high strength ink
L*hs = 77.5 - 2.69 BCM (5)
the coefficient of correlation (r) = - 0.97
For the standard strength ink
L*std = 73.4 - 2.26 BCM (6)
the coefficient of correlation (r) = - 0.98
In conclusion, (1) the greater the cell volume(BCM), the lesser the
L*
value (2)
the higher color strength ink produces the higher
L*
value than the standard strength
ink at any cell volume.
The a* value vs. Cell Volume (BCM)
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a* & Cell Volume(BCM)
-a*std[
-a*hs
Figure 6-4. a* vs. Cell Volume (BCM)
Figure 6-4 shows the relationship between the
a*
value and cell volume(BCM). It
is obvious that the standard strength ink has a higher a* value (redder) than the high
strength ink which has the lower a* value (greener). By using the simple linear regres
sion analysis (See Appendix B), there is a positive linear relationship between the a*
value and the cell volume(BCM). The regression equations are shown as the following:
For the high strength ink
a*hs = 32.6 + 4.92 BCM
the coefficient of correlation (r) = 0.96
For the standard strength ink
a*std = 40.2 + 3.78 BCM
the coefficient of correlation (r) = 0.95
(7)
(8)
From the experimental data and statistical analysis, it is important to point out
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that the greater cell volume(BCM), the greater a* value.
The b* value vs. Cell Volume (BCM)
b* & Cell Volume (BCM)
- b*std
-b*hs
1.5 1
Figure 6-5. b* vs. Cell Volume (BCM)
Figure 6-5 shows that as the cell volume(BCM) increases the
b*
value increases
as well. The slope of the high strength ink curve is steeper than the slope of standard
strength ink curve and they intersect at a certain value of the cell volume (BCM). The
standard strength ink has a higher b* value (yellower) than the high strength ink.
However, after the intersection point the b* value of the standard strength ink becomes
lower (bluer) than the high strength ink. The results of the simple linear regression
analysis (See Appendix B) shows that there is a positive linear relationship between the
b*
value and the cell volume(BCM). The regression equations are shown as the follow
ing:
For the high strength ink
b*hs = 35.6 + 6.2 BCM (9)
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the coefficient of correlation (r) = 0.96
For the standard strength ink
b*std = 54.4 + 2.12 BCM
the coefficient of correlation (r) = 0.80
(10)
By calculating the value of b* and cell volume (BCM) from the two equations
above, the two curves intersect at 4.6 BCM with the
b*
value = 64.16.
To summarize, the experimental findings and statistical analysis suggest that (1)
the greater cell volume(BCM), the higher b* value (2) the high strength ink has greater
impact on the b* value than the standard strength ink when the cell volume (BCM)
was changed.
The Changing of Color in terms ofL*, a*,
b*
values vs. Cell Volume (BCM) and Line Screen
per Inch (LPI)
L*,a*,b* & Cell Volume(BCM)
High Strength Ink BCM Standard Strength In!
Figure 6-6. L*, a*, b* vs. Cell volume (BCM)
50
,> 50
C
40
L*, a*, b* & Line Screen per Inch
OOOOOOOO
High Strengh Ink L.P.I.
OOOOOOOO
Standard Strengh Int
Figure 6-7. L*, a*, b* vs. Line Screen per Inch (LPI)
Color variation due to cell volume (BCM) and line screen per inch (LPI) was
analyzed by comparing the changing in L*, a* and b* value with cell volume (BCM)
and line screen per inch (LPI) as shown in Figure 6-6 and 6-7. An important observa
tion is that the high strength ink has the wider color variation range ( the difference
between the maximum and minimum value of L*, a* and b*) than the standard
strength ink.
From the discussion of Figure 6-l(pp. 42), the curves of two different color
strength inks intersect at 4.722 BCM with the same AE of 29.90 compared to the origi
nal Pantone standard. At this intersection point, the CIE LAB total color difference (AE)
between the high strength ink and the standard strength ink can be calculated as
shown below.
L*hs = 77.5 - 2.69 BCM = 77.5 - 2.69 (4.722) = 64.79
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L*std = 73.4 - 2.26 BCM =73.4 2.26(4.722) =62.72
a*hs = 32.6 + 4.92 BCM = 32.6 + 4.92(4.722) =55.83
a*std = 40.2 + 3.78 BCM =40.2 + 3.78(4.722) =58.05
b*hs = 35.6 + 6.2 BCM =35.6 + 6.2(4.722) =64.87
b*std = 54.4 + 2.12 BCM =54.4 + 2.12(4.722) =64.41
A E = [ (A L*)2+ ( A a*)2+ ( A b*)2] 1/2
= [ (64.79 - 62.72 )2+ ( 55.83 - 58.05 )2+ ( 64.87 - 64.41)2] V2
= 3.069
Thus, at the intersection point, the CIE LAB total color difference (AE) between
the high strength ink and the standard strength ink is 3.069.
The CIE LAB Total Color Difference (AE) vs. D/O (depthxpening ratio)
AE &D/O
-AEstd
-AEhs
0 0.2166 0.24 0.258 0.26 0.267 0.2727 0.2765 0.289
D/O
Figure 6-8. AE vs. D/O (depthopening ratio)
Figure 6-8 shows the diagram plotted between the CIE LAB total color differ
ence (AE) and D/O (depth:opening ratio). There is no predictable relationship between
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them and it is the same for the color in terms of L*, a*, b* value and D/O ratio as
shown in Figure 6-9.
L*, a*, b* & D/O Ratio
High Strength Ink D/O Standard strength In]
Figure 6-9. The color in terms of L*, a*, b* vs. D/O (depthopening ratio)
The Second Experiment Assessment
At 150 fpm press speed, fifty press sheet samples form each anilox roller, including the
200 lpi banded anilox roller which was run again before and after aniloxA(Harper), B
(Praxiar), and C (Consolidated), were randomly drawn to measure color in terms of L*,
a*,
b*
and AE to compare color produced by the best color matching band (200 lpi) of
banded anilox. The measurement was carried out at the RIT color measurement labora
tory by using the X-Rite 938 spectrophotometer at
2 Standard Observer and D50 stan
dard illuminant (See Appendix C). Microsoft Excel version 5.0 software was used to
collect data ( L*, a*, and b*) and calculate AE. The data measured were calculated for
their sample means as shown in Table 6-2.
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Anilox Rollers L* a* b* AE Remarks
First experiment
200 lpi banded anilox ( first press run) 60.87 62.15 72.51 19.87 Compare to Pantone Guide
Second experiment
200 lpi banded anilox ( second press run) 61.58 60.51 69.83 3.22 Compare to first press run
A (Harper) 61.72 60.44 69.59 0.29 Compare to second press run
B (Praxaire) 62.94 58.54 67.76 3.17 Compare to second press run
C (Consolidated) 63.04 58.46 67.84 3.21 Compare to second press run
200 lpi banded anilox ( third press run) 61.31 60.69 70.46 0.71 Compare to second press run
Table 6-2. The Sample Mean of the CIE LAB Total Color Difference (AE) produced by
each anilox rollers
The measurement was taken at the block F of the test form (See Figure 5-4,
pp.36 ) because it was the same position of the 200 lpi banded anilox roller measured
from the first press run. The reason for using the 2001pi banded anilox roller ran again
before and after anilox roller A, B, and C was to reconfirm the results produced by the
same banded anilox roller to see if it could reproduce the same color with AE< 1 or not.
In the second experiment, the banded anilox roller produced the same color with AE (
between second and third press run) of 0.71 (excellent match). The slight difference
between L*, a*, and b* values came from common-cause variation that occurs naturally
in the process. However, the CIE LAB total color difference (AE) between the first and
second press run of the 200 lpi banded anilox roller is greater with the value of 3.22.
An important observation is that in the second press run of the 200 lpi banded anilox
roller, the
L*
value is greater while the a* and b* value is smaller than those values
from the first press run. As discussed in the first experiment assessment, when the cell
volume (BCM) decreases, it will cause the greater
L* value and smaller
a* and
b* val-
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ues because of the decrease in ink volume transferred to paper. In this case , the ink
volume transferred from the same 200 lpi banded anilox roller in the second press run
is less than the first press run. The difference in volume of ink transferred can be
caused by two factors: (1) because of using the new banded anilox roller in the first
press run, the ink and solvent residues in uneven surfaces still remain in the tiny
anilox cell causing the decreasing in cell volume(BCM) and slight color loss in the sec
ond press run. Consolidated Engravers also reported that they found variability in cell
volume inspection from the drying of ink on the banded anilox roller used in the first
press run. (2) the second press run conditions ( blade angle, plate, nip, pressure, etc.)
may not exactly be the same as the first press run. However, the third press run of the
200 lpi banded anilox roller which performed the same day as the second press run of
the 200 lpi banded anilox roller ( after running anilox rollers from three suppliers ),
proved that the same 200 lpi banded anilox which in the same cell volume could pro
duce the same color with AE of 0.71 (excellent match). However, it was important to
clean the anilox roller thoroughly every time it was used to reduce drying of ink which
can effect the cell volume(BCM).
From Table 6-2, anilox rollers from suppliers A, B and C produce different AE
values. These results were mainly from the variations in anilox engraving processes
among different anilox manufacturers because all suppliers were asked to engrave the
same specifications of same anilox roller ( cell count 200 lpi, cell angle 60 degree, and
cell volume 6.7 BCM) and in the second experiment, all anilox rollers were running at
the same printing condition.
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The difference in the CIE LAB Total Color Difference (AE) across the web
To test if there is a difference in AE( between blocks ABC, DEF, and GHI ) across
the web (See Figure 5-4, pp. 36). Five press sheet samples from each anilox roller were
randomly selected to measure the AE of every block across the test form ( See Appendix
D). Then the Kruskal-Wallis test was used to test if there was a difference in AE
( between blocks ABC, DEF, and GHI ) across the web at the significant level of a = 0.05
(See Appendix E).
Anilox Rollers AE between blocks across the wet Test Results Notes
A (Harper)
AB, AC, BC
DE, DF, EF
GH, GI, HI
AB, AC, BC, DE, DF, EF, GH, GI, HI
Equal
Equal
Equal
Equal
mean = 0.983
min = 0.15
max = 2.64
sd = 0.60
B (Praxaire)
AB, AC, BC
DE, DF, EF
GH, GI, HI
AB, AC, BC, DE, DF, EF, GH, GI, HI
Equal
Equal
Equal
Equal
mean = 0.63
min = 0.06
max = 2.14
sd = 0.41
C (Consolidated)
AB, AC, BC
DE, DF, EF
GH, GI, HI
AB, AC, BC, DE, DF, EF, GH, GI, HI
Equal
Equal
Equal
Equal
mean = 0.78
min = 0.15
max = 2.35
sd = 0.48
Table 6-3. The Summary of the Kruskal-Wallis Test of AE across the web
The data shown in the table 6-3 indicates that the color produced by all anilox
rollers from suppliers is uniform across the web with AE < 1 (no difference).
ColorMatching Evaluation
Generally the CIE LAB total color difference(AE) measured by the spectropho
tometer was evaluated by the degree ofmatching using the following rule of thumb:
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AE
<1
1 2
4 6
Visual Perception
No Difference
Just Noticeable
Remarkable
Color Matching Interpretation
Excellent
Good
Fair
> 9 Very Different Poor
Table 6-4 shows the results of color matching of printed sheets compare to the 200
lpi banded anilox printed sheets by using the rule above.
Anilox Rollers Average AE Visual perceptioi Evaluation Ranking
Second experiment
A (Harper) 0.29 No Difference Excellent Match 1
B (Praxaire) 3.17 Noticeable between Good and Fair Match 3
C (Consolidated) 3.21 Noticeable between Good and Fair Match 4
200 lpi banded anilox ( third press run) 0.71 No Difference Excellent Match 2
Table 6-4. The Results of ColorMatching Evaluation by the Rule of Thumb
To confirm the above results by visual evaluation, 41 people were asked to indi
cate the degree to which each sample ( A = Harper, B = Praxaire , C= Consolidated and
D = The third press run of the 200 lpi banded anilox roller ) matches the standard patch
( The second press run of the 200 lpi banded anilox roller ) by giving the score
( 0 = Not match, 1 = Poor match, 2 = Fair match, 3 = Good Match, 4 = Excellent match).
The evaluation ( See Appendix F ) was done at the viewing booth under standard view
ing condition. The average score of each anilox roller was calculated. The higher score,
the closer match. The results of visual evaluation are shown in Table 6-5.
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Anilox Rollers AE measured Average Score Visual Evaluation Ranking
Second experiment
A (Harper) 0.29 3.146 between Excellent and Good Match 1
B (Praxaire) 3.16 2.097 between Good and Fair Match 3
C (Consolidated) 3.2 1.78 between Fair and Poor Match 4
200 lpi banded anilox ( third press run) 0.74 3.048 between Excellent and Good Match 2
Table 6-5. The results of Color Matching by Visual Evaluation
From the Table 6-4 and 6-5, note that the ranking of degree of matching is the
same for both. However, the evaluation results were slightly different. There are three
reasons why the evaluation by using the spectrophotometer and the rule of thumb do
not correspond exactly to the visual evaluation. First, the light source used for visual
evaluation is probably not exactly the same as that used for color coordinate calcula
tions in the spectrophotometer. Second, all observers in this experiment are not stan
dard observers. Third, each observer has their own criteria of the degree of color
matching of the same sample which may differ from others.
Chapter 7
Summary and Conclusion
The first part of the research investigated how the anilox cell volume (BCM) and line
screen per inch would affect the CIE LAB total color difference (AE). The results
showed that (1) the greater the cell volume (BCM), the lesser the AE value (2) the high
er the line screen per inch (LPI), the higher the AE value (3) the higher color strength
ink has the greater impact on the AE value produced when the cell volume (BCM) or
the line screen per inch (LPI) changed. An additional finding is that the greater the cell
volume results in the lesser L* value but greater a* and b* value.
The second part of the research investigated that the same color could actually
be produced with AE < 2 by using the same specifications and conditions of same
anilox roller. The results showed that the same color can be produced with AE < 1 (no
difference) by using the same banded anilox roller. However, only one of three anilox
rollers from different suppliers can produce the same color with AE < 2 ( AE = 0.21).
Conclusions of the Hypotheses
From the experimental results, the following are the conclusions of the hypothe
ses. These hypotheses were written in the null form. If the hypothesis is rejected, then
the alternative hypothesis can be accepted.
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HI: When a spot color is printed by flexography on coated paper, the increase
in anilox cell volume and the decrease in line screen per inch will result in
the decreasing of the CIE LAB total color difference(AE) by using lithogra
phic Pantone as a reference.
Accepted
H2: When a spot color is printed by flexography on coated paper, the same color
can be produced with the CIE LAB total color difference(AE) < 2 ( compare
between first, second and third press runs) by using the same banded
anilox roller which is still in same conditions.
Accepted
H3: When a spot color is printed by flexography on coated paper, the same color
can be actually produced with the CIE LAB total color difference(AE) < 2
(compare to banded anilox ) by using same specification of anilox roller
from different suppliers.
Rejected
The conclusion of the third hypothesis is not in the expected direction which
assumed that theoretically, the same specifications of anilox roller from different manu
facturers should produce the same color with AE < 2. Generally, anilox roller engrav
ings are specified by line screen per inch. However, engraving angle, cell volume,
including the cell volume inspection methods which also need to be specified. In the
industry, the variation in color produced can be greater if the flexographer does not
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specify the cell volume measurement method for their anilox rollers engraving because
it will allow the anilox engraving companies to use their own favored measurement
method to set up, run and inspect the cell volume. The conclusion of the third hypothe
sis implied that the banded anilox roller still can not be used as a standard proofing
device for the flexographer who uses an anilox roller from different manufacturers,
especially for a job that requires high accuracy of color produced with AE < 1. However,
the banded anilox roller may be used as a color proofing device if all engraving specifi
cations including cell volume measurement method are specified and anilox manufac
turers improve the accuracy of the engraving process.
This study only shows the impact that the anilox roller has on the color pro
duced. However, ink and substrates are also important factors that affect color produce
in flexography as well. To achieve the excellent color matching results, the standardiza
tion of anilox roller, ink and substrate among different manufacturers is inevitable but it
will benefit all manufacturers and their customers in the flexographic industry.
Recommendation for Further Study
This study focuses on the anilox roller specification and it's impact on the color
produce among different manufacturers. It would be interesting to study how different
anilox cell volume measurement methods can affect the accuracy of the color produced.
The results of this study show that ink color strength has a significant effect on
the color produced. It would be interesting to do research on how ink viscosity affects
the ink volume transferred and the color produced.
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Finally, it would be interesting to study the standardization of anilox rollers, ink
and substrate pertaining to the color matching issue in flexography.
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Appendix A
Appendix A
Table Al. The values of L*, a*, b* and AE measured of press sheet printed by standard
strength ink and banded anilox rollers. The CIE LAB total color difference (AE) was
calculated by using the original Pantone Standard as the reference color ( L* = 62.33, a*
= 62.5, b* = 93.4).
67
200 LPI 300 LPI
AE AE
59.11 63.33 65.55 28.05
58.96 63.52 65.74 27.88
59.10 63.35 65.32 28.28
58.96 63.41 65.13 28.48
58.96 63.43 65.30 28.32
58.86 63.67 65.50 28.14
58.98 63.52 65.68 27.94
59.16 63.25 65.83 27.76
59.00 63.37 65.39 28.22
59.15 63.33 65.80 27.79
59.11 63.22 65.41 28.18
59.04 63.42 65.47 28.14
58.85 63.57 65.23 28.40
58.73 63.77 65.36 28.30
59.07 63.44 65.47 28.14
59.07 63.37 65.63 27.97
59.19 63.31 65.85 27.74
59.23 63.28 65.72 27.86
59.19 63.24 66.03 27.56
59.24 63.13 65.63 27.95
59.24 63.12 65.56 28.02
59.18 63.27 65.69 27.90
59.07 63.42 65.66 27.95
59.14 63.28 65.86 27.74
59.11 63.35 65.47 28.13
59.07 63.25 65.36 28.24
59.06 63.38 65.53 28.07
59.09 63.28 65.62 27.98
58.78 63.49 65.22 28.42
59.11 63.13 65.47 28.12
59.07 63.25 65.52 28.08
59.08 63.28 65.36 28.24
59.12 63.26 65.48 28.11
58.94 63.45 65.32 28.30
58.99 63.39 65.39 28.22
59.05 63.29 65.41 28.19
59.16 63.17 65.50 28.09
59.10 63.25 65.40 28.20
59.07 63.35 65.54 28.06
59.03 63.42 65.59 28.02
59.03 63.17 65.55 28.05
58.92 63.31 65.71 27.91
58.96 63.14 65.44 28.17
58.95 62.83 65.36 28.24
58.64 61.99 64.75 28.89
58.54 61.92 64.67 28.98
58.24 62.16 65.68 28.02
58.60 61.81 64.91 28.74
58.52 61.86 64.82 28.84
59.00 62.95 64.29 29.30
58.77 62.90 65.39 28.24
avg avg avg avg
58.99 63.18 65.44 28.17
61.94 59.96 66.86 26.66
62.02 59.80 66.67 26.87
61.79 59.93 66.30 27.23
61.66 60.10 66.80 26.72
61.68 60.40 66.73 26.76
61.90 60.07 66.72 26.79
62.02 59.93 66.83 26.70
61.81 59.99 66.67 26.85
62.10 59.82 66.62 26.91
61.83 60.21 66.50 27.00
62.10 59.78 66.41 27.13
61.94 59.98 66.55 26.97
61.58 60.51 66.45 27.03
61.52 60.26 66.07 27.43
61.57 60.54 66.60 26.88
62.01 59.82 66.30 27.23
62.03 59.81 66.25 27.28
62.03 59.77 66.35 27.19
62.14 59.54 66.06 27.50
61.87 59.94 66.37 27.15
62.04 59.62 66.04 27.51
61.91 59.92 66.55 26.98
62.00 59.75 66.24 27.30
62.12 59.47 65.58 27.99
62.00 59.77 66.38 27.16
62.09 59.75 66.54 27.00
61.98 59.91 66.45 27.08
61.90 60.02 66.41 27.11
61.84 60.12 66.54 26.97
62.11 59.58 66.11 27.45
61.99 59.90 66.82 26.71
62.12 59.61 66.62 26.94
62.04 59.70 66.27 27.28
61.92 59.96 66.62 26.90
61.99 59.65 65.64 27.91
62.03 59.77 66.48 27.06
62.04 59.37 65.45 28.13
62.02 59.66 66.17 27.38
62.07 59.73 66.33 27.21
62.32 59.14 66.02 27.59
62.00 59.81 66.38 27.16
61.84 59.92 66.48 27.05
62.11 59.60 66.26 27.30
61.85 60.00 66.19 27.33
61.94 59.73 66.09 27.45
61.84 59.93 66.39 27.14
61.98 59.61 66.24 27.32
61.98 59.74 66.43 27.11
61.81 59.72 66.45 27.10
61.54 59.49 66.12 27.46
61.41 58.00 65.15 28.62
avg avg avg avg
61.93 59.81 66.34 27.20
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Table Al (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by standard strength ink and banded anilox rollers. The CIE LAB total color difference
(AE) was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
400 LPI 500 LPI
L* AE AE
64.41 56.49 66.42 27.72
64.50 56.08 65.36 28.85
64.52 56.21 65.46 28.72
64.34 56.50 65.20 28.90
64.28 56.68 65.62 28.45
64.22 56.61 65.41 28.67
64.13 56.73 65.48 28.57
64.62 56.00 64.79 29.43
64.36 56.46 65.63 28.49
64.26 56.54 65.53 28.57
64.38 56.42 65.47 28.66
64.42 56.33 65.14 29.00
64.20 56.48 64.54 29.54
64.09 56.89 65.56 28.45
64.20 56.75 66.02 28.04
64.59 55.94 65.19 29.05
64.37 56.32 65.05 29.09
64.44 56.21 65.79 28.40
64.39 56.28 65.26 28.89
63.99 56.83 65.09 28.92
64.12 56.68 65.23 28.82
64.34 56.28 64.72 29.42
64.46 56.02 64.91 29.30
64.41 55.95 64.27 29.93
64.50 55.98 65.15 29.07
64.51 56.01 64.92 29.29
64.38 56.41 65.35 28.78
64.53 55.98 64.78 29.44
64.52 55.81 63.74 30.48
64.32 56.40 65.14 28.98
64.34 56.32 65.46 28.69
64.37 56.27 65.47 28.69
64.48 55.93 64.58 29.64
64.47 56.05 65.06 29.14
64.39 56.24 65.02 29.14
64.27 56.37 65.38 28.75
64.40 55.99 64.40 29.79
64.52 55.87 64.93 29.31
64.40 56.14 65.11 29.07
64.31 56.36 65.16 28.97
64.14 56.49 65.48 28.62
64.25 56.34 65.19 28.94
64.18 56.54 65.35 28.74
64.40 56.32 65.62 28.53
64.40 56.10 64.78 29.40
64.40 56.17 65.37 28.81
64.49 55.90 65.31 28.94
64.34 56.12 64.89 29.28
64.27 56.20 65.42 28.75
64.28 55.83 65.29 28.96
64.14 56.04 64.87 29.31
avg avg avg avg
63.69 54.13 62.82 28.97
65.49 54.11 63.44 31.27
65.65 53.97 64.31 30.50
65.41 54.40 64.09 30.56
65.28 54.64 64.72 29.88
65.40 54.24 63.89 30.80
65.62 54.21 64.45 30.29
65.64 53.90 63.83 30.97
65.58 54.08 63.70 31.04
65.73 53.62 62.26 32.56
65.78 53.65 63.51 31.36
65.32 54.58 64.27 30.34
65.54 54.09 63.30 31.42
65.63 53.95 63.29 31.47
65.61 54.12 63.90 30.84
65.36 54.59 64.20 30.40
65.66 53.96 63.73 31.05
65.79 53.43 62.50 32.39
65.48 54.27 63.93 30.76
65.71 53.57 62.69 32.16
65.53 54.06 63.04 31.67
65.47 54.16 63.72 30.99
65.52 53.96 63.64 31.12
65.51 54.28 64.23 30.47
65.38 54.38 64.21 30.45
65.47 54.13 63.34 31.36
65.41 54.24 63.42 31.25
65.55 54.04 64.21 30.56
65.64 53.86 63.22 31.57
65.56 53.87 62.58 32.17
65.73 53.79 63.80 31.04
65.91 53.25 61.94 32.99
65.72 53.59 62.26 32.57
65.86 53.31 62.23 32.69
65.76 53.64 62.80 32.04
66.02 52.94 61.45 33.55
65.49 54.18 63.66 31.04
65.64 53.72 62.05 32.72
65.69 53.68 62.96 31.87
65.46 53.95 62.95 31.78
65.41 54.18 63.17 31.50
65.66 53.92 63.73 31.06
65.31 54.33 63.09 31.53
65.57 53.83 62.92 31.85
65.46 54.05 63.37 31.35
65.78 53.40 61.63 33.23
65.52 53.81 62.99 31.79
65.55 53.90 63.75 31.04
65.27 54.45 64.12 30.51
65.39 53.94 64.34 30.45
65.32 54.15 64.03 30.68
65.46 53.00 62.66 32.33
avg avg avg avg
65.56 53.95 63.36 31.40
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Table Al (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by standard strength ink and banded anilox rollers. The CIE LAB total color differ
ences (AE) was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
600 LPI 700 LPI
b* AE AE
67.67 50.29 60.76 35.26
67.75 50.06 60.62 35.48
67.69 50.14 60.30 35.74
67.80 50.05 60.57 35.53
68.00 49.47 59.56 36.70
67.65 50.30 61.54 34.53
67.65 50.22 60.49 35.53
67.94 49.86 60.80 35.41
67.96 49.64 60.83 35.47
67.75 49.89 61.03 35.16
67.64 50.27 61.39 34.68
67.49 50.54 61.13 34.80
67.65 50.32 61.85 34.24
67.76 50.00 60.72 35.41
67.51 50.45 61.08 34.88
67.59 50.22 60.73 35.30
67.79 49.95 60.40 35.73
67.63 50.25 61.37 34.70
67.52 50.36 60.77 35.20
67.53 50.51 61.24 34.71
67.35 50.87 61.52 34.30
67.52 50.36 61.00 34.99
67.38 50.86 61.35 34.47
67.37 50.77 61.55 34.31
67.25 50.94 61.71 34.09
67.21 51.02 61.12 34.61
67.42 50.55 61.34 34.59
67.81 49.80 60.10 36.06
67.64 50.33 61.35 34.69
67.64 50.09 61.25 34.87
67.29 50.89 61.70 34.12
67.70 50.09 61.12 35.00
67.92 49.60 60.13 36.12
67.70 50.02 60.72 35.39
67.50 50.36 60.81 35.16
67.81 49.84 60.79 35.41
67.74 50.13 61.06 35.05
68.27 49.04 59.74 36.73
67.52 50.37 60.88 35.09
67.72 49.94 61.04 35.13
67.51 50.41 61.31 34.68
67.43 50.44 60.62 35.30
67.76 49.80 61.02 35.20
67.41 50.61 61.49 34.43
67.49 50.21 61.10 34.94
67.53 50.14 60.62 35.42
67.75 49.47 60.47 35.83
67.61 49.51 60.57 35.70
67.53 48.95 59.74 36.66
67.16 47.81 59.23 37.51
66.64 48.66 60.10 36.32
avg avg avg avg
63.69 54.13 62.82 35.23
67.65 50.10 61.30 34.82
68.01 49.33 59.89 36.45
67.83 49.79 60.68 35.53
68.02 49.22 60.15 36.25
68.10 49.03 59.75 36.70
67.98 49.32 59.73 36.60
67.78 49.65 60.12 36.09
67.84 49.80 60.35 35.83
67.98 49.38 60.12 36.22
67.69 50.10 61.18 34.94
67.85 49.67 60.29 35.94
67.82 49.65 59.82 36.37
67.89 49.74 60.32 35.89
68.22 48.93 60.17 36.37
67.89 49.60 60.07 36.17
67.82 49.80 60.83 35.39
67.99 49.34 60.05 36.30
68.24 49.01 59.86 36.63
68.05 49.24 60.18 36.22
67.88 49.52 59.71 36.53
67.72 49.79 60.25 35.91
67.79 49.83 60.59 35.59
67.73 49.86 60.56 35.60
67.76 49.75 60.84 35.39
67.70 49.90 60.29 35.83
67.59 50.11 60.53 35.52
67.79 49.72 60.37 35.83
67.54 50.30 60.92 35.08
67.93 49.45 60.07 36.23
67.77 49.88 61.16 35.05
67.93 49.41 60.04 36.27
68.10 49.04 59.82 36.63
67.75 49.76 60.39 35.80
67.50 50.26 61.30 34.74
67.58 50.16 60.78 35.27
67.74 49.74 60.95 35.29
67.82 49.67 60.30 35.92
68.05 49.16 60.07 36.35
67.78 49.63 60.87 35.41
67.83 49.55 59.76 36.46
67.95 49.44 59.88 36.41
67.76 49.83 60.99 35.22
67.99 49.21 59.71 36.66
68.04 49.27 60.29 36.11
67.67 49.71 60.23 35.95
68.01 49.18 59.91 36.49
67.81 49.46 60.11 36.17
67.68 49.36 60.59 35.75
67.72 48.67 59.81 36.72
67.23 47.29 58.74 38.17
67.11 47.64 59.22 37.58
avg avg avg avg
67.82 49.50 60.27 36.01
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Table Al (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by standard strength ink and banded anilox rollers. The CIE LAB total color difference
(AE) was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
800 LPI 900 LPI
b* AE
69.95 45.54 56.04 41.73
69.79 45.83 57.02 40.71
69.74 45.99 56.89 40.75
69.72 46.12 56.95 40.64
69.71 46.00 57.13 40.52
70.04 45.41 55.70 42.10
69.65 46.16 57.00 40.57
69.63 46.30 56.85 40.64
70.09 45.28 56.07 41.84
69.75 45.96 57.35 40 35
69.89 45.53 56.31 41.48
69.48 46.47 58.01 39.50
69.67 46.24 56.93 40.60
69.65 46.10 57.19 40.42
69.82 45.80 56.45 41.23
69.67 45.98 56.44 41.14
69.56 46.42 57.29 40.18
69.54 46.21 57.23 40.32
69.80 45.82 56.73 40.97
69.69 45.91 56.98 40.69
69.58 46.26 56.87 40.63
69.98 45.42 56.30 41.55
69.62 46.00 57.20 40.45
69.47 46.43 57.62 39.87
69.60 46.15 56.74 40.79
69.73 45.94 56.56 41.06
69.45 46.50 57.60 39.85
69.93 45.41 56.41 41.45
69.56 46.35 57.62 39.92
69.60 46.18 57.49 40.11
69.53 46.13 56.86 40.68
69.72 46.04 57.08 40.55
69.88 45.60 56.79 41.02
70.25 44.93 56.09 41.99
69.79 45.95 56.80 40.85
69.91 45.62 56.27 41.49
69.79 45.78 56.67 41.04
69.84 45.63 56.22 41.51
69.80 45.80 56.41 41.27
69.82 45.80 56.52 41.17
69.98 45.35 55.44 42.35
69.73 45.91 57.18 40.52
69.71 45.79 56.99 40.74
69.81 45.67 56.49 41.25
69.90 45.27 55.61 42.22
69.55 45.95 57.09 40.55
69.70 45.59 56.64 41.13
69.76 45.13 56.24 41.69
69.49 44.91 55.57 42.33
69.04 43.69 55.39 42.94
69.23 43.26 55.22 43.31
avg avg avg avg
69.72 45.76 56.68 41.03
L* a* b* AE
71.02 42.57 53.55 45.40
71.26 42.72 53.34 45.56
71.38 42.61 53.30 45.67
71.24 42.75 52.73 46.08
70.92 43.54 54.03 44.53
71.16 42.83 53.52 45.34
70.74 43.87 54.70 43.77
71.35 42.75 53.20 45.69
71.11 43.23 53.73 44.97
71.35 42.56 53.07 45.89
71.57 42.10 52.48 46.65
71.30 42.73 53.09 45.78
71.15 43.05 53.93 44.88
71.46 42.39 52.51 46.47
71.25 42.84 53.51 45.36
71.67 41.97 52.54 46.67
71.27 42.69 52.98 45.89
7149 42.32 52.69 46.35
71.14 42.85 53.02 45.76
71.18 42.88 54.03 44.87
70.80 43.75 54.54 43.97
70.65 44.05 54.70 43.67
70.99 43.25 53.62 45.03
71.35 42.62 53.32 45.64
71.07 43.25 53.32 45.31
71.40 42.59 52.70 46.21
71.47 42.27 53.54 45.62
71.34 42.62 52.79 46.10
71.10 43.18 53.83 44.90
71.05 43.20 53.54 45.14
70.70 43.94 54.47 43.93
71.26 42.71 52.90 45.95
71.20 43.00 52.90 45.82
71.09 43.12 53.89 44.87
71.39 42.41 52.80 46.20
71.24 42.77 53.33 45.54
71.32 42.60 52.96 45.96
71.44 42.34 52.94 46.11
70.93 43.53 54.09 44.49
71.22 42.93 53.42 45.39
71.19 42.98 53.25 45.51
71.11 43.15 53.94 44.82
71.65 41.93 51.71 47.41
71.22 42.90 53.86 45.02
71.26 42.66 53.01 45.88
71.36 42.32 52.57 46.43
71.18 42.62 53.57 45.39
70.93 42.87 54.04 44.82
70.93 42.19 53.37 45.70
70.79 40.14 50.91 48.75
70.53 40.42 51.63 47.95
avg avg avg avg
71.18 42.74 53.28 45.59
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Table A2. The values of L*, a*, b* and AE measured of press sheet printed by high
strength ink and banded anilox rollers. The CIE LAB total color difference (AE) was
calculated by using the original Pantone Standard as the reference color ( L* = 62.33, a*
= 62.5, b* = 93.4).
200 LPI 300 LPI
AE AE
60.69 62.85 73.94 19.53
60.75 62.76 73.69 19.77
60.62 62.64 74.18 19.30
60.75 62.47 73.42 20.04
60.91 62.54 73.80 19.65
60.74 62.83 73.67 19.80
60.76 62.83 73.82 19.65
60.79 62.73 73.54 19.92
60.98 62.61 73.75 19.70
61.01 62.40 72.81 20.63
60.95 62.40 73.06 20.39
60.95 62.56 73.38 20.07
60.98 62.46 73.63 19.82
60.81 62.73 73.64 19.82
60.78 62.72 73.55 19.91
60.81 62.70 73.28 20.18
60.91 62.59 73.35 20.10
60.99 62.44 73.01 20.43
60.74 62.83 73.61 19.86
60.71 62.73 73.27 20.20
60.79 62.73 73.51 19.95
60.75 62.79 73.83 19.64
60.78 62.75 73.56 19.90
60.77 62.76 73.71 19.75
60.70 62.83 73.67 19.80
60.70 62.79 73.78 19.69
60.73 62.63 73.23 20.23
60.79 62.63 73.83 19.63
60.60 62.83 73.66 19.82
60.81 62.65 73.61 19.85
60.81 62.70 73.97 19.49
60.65 62.87 73.64 19.83
60.47 63.07 74.04 19.46
60.50 62.95 73.99 19.50
60.48 62.94 73.90 19.59
60.77 62.63 73.47 19.99
60.83 62.59 73.31 20.15
60.71 62.66 73.34 20.13
60.62 62.82 73.61 19.87
60.68 62.71 73.68 19.79
60.77 62.60 73.30 20.16
60.61 62.83 73.80 19.68
60.65 62.82 73.81 19.66
60.61 62.86 73.82 19.66
60.85 62.55 73.31 20.14
60.62 62.87 73.64 19.84
60.55 62.81 73.59 19.89
60.67 62.77 73.93 19.54
60.78 62.64 73.44 20.02
60.70 62.68 73.94 19.53
61.10 62.15 72.94 20.50
avg avg avg avg
60.75 62.70 73.59 19.87
64.36 57.06 66.62 27.40
64.06 57.57 67.40 26.52
64.00 57.47 67.36 26.57
63.93 57.92 68.10 25.76
63.75 58.12 68.27 25.55
63.70 58.35 68.34 25.44
63.85 58.03 68.06 25.78
63.90 57.82 67.38 26.48
63.85 57.87 67.54 26.32
63.83 58.08 67.87 25.95
64.12 57.67 67.57 26.34
63.67 58.35 68.25 25.53
63.93 57.86 67.88 25.99
63.67 58.33 68.56 25.22
63.78 58.20 68.21 25.60
64.05 57.74 67.32 26.57
63.78 58.35 68.87 24.92
64.11 57.60 67.00 26.91
64.04 57.68 67.51 26.39
63.65 58.08 67.92 25.89
64.01 57.80 67.91 25.97
64.09 57.65 67.50 26.41
63.70 58.28 68.31 25.48
63.67 58.32 68.19 25.59
64.15 57.32 66.60 27.36
64.04 57.65 67.41 26.49
63.87 57.94 67.83 26.02
63.68 58.25 68.37 25.42
63.55 58.51 68.88 24.87
63.80 58.06 67.63 26.19
64.07 57.59 67.11 26.80
64.06 57.55 67.07 26.85
63.84 57.74 67.21 26.66
63.68 57.95 67.36 26.47
63.72 57.69 67.29 26.59
63.46 58.33 68.32 25.45
63.64 58.01 67.59 26.23
63.52 58.15 68.12 25.68
63.75 58.12 68.05 25.76
63.76 58.03 67.58 26.24
63.68 58.17 67.62 26.18
63.54 58.45 68.63 25.13
63.87 57.73 67.62 26.26
63.71 57.62 67.09 26.79
63.52 58.18 68.14 25.65
63.67 57.97 67.72 26.11
63.78 57.86 67.78 26.08
63.81 57.39 67.00 26.93
63.59 57.84 67.99 25.86
63.81 57.58 67.62 26.29
63.86 57.39 67.47 26.47
avg avg avg avg
63.82 57.91 67.75 26.11
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Table A2 (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by high strength ink and banded anilox rollers. The CIE LAB total color difference (AE)
was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
400 LPI 500 LPI
AE AE
66.57 53.17 61.10 33.89
66.32 53.55 62.01 32.88
66.16 53.82 62.82 32.02
66.52 53.27 62.04 32.96
66.89 52.76 60.82 34.31
66.72 53.13 61.39 33.64
66.51 53.39 61.34 33.59
66.37 53.02 61.11 33.89
66.82 52.88 61.30 33.81
66.96 52.76 61.30 33.86
66.39 53.48 62.35 32.59
66.36 53.67 62.17 32.70
66.38 53.53 61.55 33.34
66.74 52.90 61.25 33.84
66.53 53.24 61.49 33.49
66.29 53.54 62.01 32.88
66.54 53.11 61.47 33.55
66.57 53.20 61.31 33.68
66.55 53.19 61.60 33.40
66.43 53.46 61.96 32.97
66.53 53.35 62.04 32.94
66.36 53.47 62.08 32.84
66.68 52.88 60.62 34.44
66.34 53.75 62.20 32.65
66.30 53.77 62.54 32.32
66.32 53.66 62.25 32.62
66.56 53.18 60.98 34.00
66.42 53.24 61.17 33.78
66.43 53.23 61.67 33.31
66.32 53.68 62.45 32.43
66.46 53.27 61.68 33.29
66.14 53.86 62.75 32.07
66.56 53.12 61.42 33.59
66.28 53.58 61.80 33.07
66.34 53.56 62.06 32.84
66.34 53.55 62.28 32.63
66.39 53.37 61.77 33.17
66.28 53.58 62.38 32.52
66.22 53.62 62.26 32.61
66.39 53.41 61.91 33.03
66.42 53.26 62.03 32.96
66.54 53.30 62.07 32.92
66.44 53.47 62.19 32.75
66.31 53.72 62.80 32.08
66.28 53.45 61.80 33.11
66.39 53.50 62.56 32.38
66.43 53.24 62.00 32.99
66.26 53.33 62.28 32.68
66.18 53.22 62.11 32.86
66.44 52.90 61.83 33.25
66.81 52.14 59.82 35.43
avg avg avg avg
66.45 53.33 61.81 33.15
67.61 51.25 59.04 36.54
67.78 50.72 57.74 37.95
67.43 51.44 59.60 35.93
67.80 50.79 58.47 37.24
67.49 51.49 59.37 36.14
67.68 51.15 58.78 36.82
67.52 51.42 59.29 36.24
67.28 51.62 59.71 35.75
67.61 51.13 58.98 36.63
67.78 50.92 58.43 37.24
67.48 51.42 59.43 36.10
67.38 51.65 59.93 35.55
67.46 51.34 58.85 36.67
67.62 51.30 58.92 36.64
67.54 51.42 58.80 36.70
67.43 51.54 59.12 36.35
67.43 51.54 60.03 35.49
67.57 51.30 58.94 36.61
67.52 51.34 58.77 36.75
67.47 51.44 58.72 36.76
67.53 51.36 59.08 36.46
67.46 51.47 59.42 36.09
67.21 51.88 59.63 35.74
67.23 51.87 60.30 35.11
67 49 51.43 58.96 36.54
67.63 51.20 58.78 36.80
67.43 51.67 59.40 36.05
67.37 51.69 59.57 35.87
67.24 51.89 60.52 34.90
67.70 51.00 58.47 37.16
67.60 51.32 59.05 36.51
67.42 51.56 59.29 36.18
67.62 51.20 59.00 36.59
67.63 51.21 59.06 36.53
67.74 51.01 59.06 36.61
67.67 51.24 59.07 36.52
68.13 50.07 57.13 38.78
67.51 51.04 58.69 36.92
67.42 51.58 59.78 35.71
67.46 51.50 59.28 36.21
67.86 50.56 58.07 37.70
67.70 51.01 58.82 36.83
67.71 50.90 58.91 36.78
67.74 50.94 58.29 37.36
67.15 52.01 60.58 34.79
67.31 51.69 60.02 35.44
67.56 51.05 59.10 36.54
67.47 50.81 58.68 36.99
67.13 50.80 58.77 36.87
67.30 51.63 60.05 35.43
67.79 50.83 58.39 37.31
avg avg avg avg
67.53 51.29 59.10 36.46
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Table A2 (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by high strength ink and banded anilox rollers. The CIE LAB total color difference (AE)
was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
600 LPI 700 LPI
L* AE AE
70.77 45.06 51.37 46.28
70.75 45.49 51.75 45.77
71.27 44.46 50.18 47.68
71.34 44.31 50.09 47.83
71.22 44.57 50.24 47.57
70.99 45.06 51.20 46.48
71.26 44.65 50.15 47.63
71.37 44.23 50.00 47.95
71.14 44.62 50.56 47.25
71.04 45.04 50.82 46.84
71.14 44.87 51.04 46.72
71.17 44.71 50.39 47.38
71.13 44.80 50.75 47.01
70.98 45.03 51.19 46.49
71.26 44.41 50.37 47.52
71.20 44.64 50.75 47.08
71.26 44.55 50.56 47.30
71.39 44.26 50.29 47.68
71.19 44.53 50.25 47.57
71.00 45.09 51.35 46.33
71.48 44.30 50.48 47.51
70.93 45.08 50.75 46.87
70.57 45.81 51.81 45.57
70.71 45.54 51.29 46.16
70.77 45.41 5136 46.16
70.98 44.73 50.47 47.26
70.82 45.15 51.04 46.56
70.69 45.58 52.01 45.49
71.16 44.58 50.31 47.50
70.93 45.15 51.39 46.26
70.64 45.80 52.16 45.26
70.63 45.71 51.90 45.53
70.64 45.62 52.51 45.01
70.88 45.20 50.92 46.66
70.80 45.37 51.44 46.11
71.33 44.39 50.25 47.65
71.40 44.21 49.65 48.28
71.00 44.97 50.81 46.87
71.23 44.47 49.95 47.88
71.13 44.66 50.42 47.36
71.11 44.93 50.73 46.97
70.85 45.17 51.02 46.57
70.79 45.35 51.07 46.45
71.03 45.04 51.07 46.61
70.88 45.14 51.55 46.11
70.91 44.74 50.80 46.94
71.28 43.90 49.90 48.15
71.16 43.78 49.79 48.27
70.88 43.47 49.58 48.53
70.66 44.88 51.13 46.55
70.66 44.82 51.22 46.49
avg avg avg avg
71.02 44.85 50.83 46.90
71.12 44.36 49.97 47.88
71.29 44.31 50.09 47.82
71.36 44.04 49.50 48.47
71.34 44.37 50.38 47.55
71.32 44.20 49.73 48.20
71.27 44.45 50.08 47.77
71.14 44.45 50.41 47.45
70.90 45.03 51.05 46.61
70.94 44.96 50.42 47.21
71.18 44.47 50.37 47.49
71.44 44.00 49.50 48.50
71.20 44.62 50.47 47.34
71.28 44.26 50.18 47.76
71.39 44.20 49.69 48.24
71.46 44.05 49.71 48.30
70.94 45.01 51.02 46.65
71.03 44.80 50.88 46.87
71.03 44.78 51.05 46.72
71.29 44.26 49.92 47.99
71.03 44.91 51.09 46.64
71.16 44.46 49.92 47.89
71.28 44.25 50.25 47.70
70.66 45.40 51.81 45.73
71.27 44.09 49.68 48.27
71.38 43.98 48.63 49.29
70.89 45.12 51.10 46.53
70.74 45.48 51.45 46.05
70.98 44.92 50.32 47.33
71.03 44.94 50.44 47.22
71.73 43.35 47.91 50.24
71.48 43.85 49.11 48.92
71.44 44.03 49.36 48.62
71.37 44.31 50.25 47.69
71.48 43.97 49.83 48.22
71.43 44.16 50.01 47.98
71.47 44.08 49.66 48.33
71.41 44.13 49.83 48.15
71.26 44.53 50.32 47.52
71.43 44.16 49.78 48.19
71.38 44.18 50.15 47.83
71.42 44.06 49.54 48.44
71.35 44.11 49.65 48.31
71.31 44.14 49.66 48.28
71.37 44.12 49.66 48.30
71.14 44.66 50.45 47.33
71.54 43.60 49.14 49.00
71.35 43.49 48.96 49.17
71.18 42.93 48.64 49.65
70.96 43.55 49.63 48.47
70.81 43.74 50.09 47.95
70.33 42.64 49.31 49.01
avg avg avg avg
71.22 44.27 50.00 47.90
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Table A2 (Continue). The values of L*, a*, b* and AE measured of press sheet printed
by high strength ink and banded anilox rollers. The CIE LAB total color difference (AE)
was calculated by using the original Pantone Standard as the reference color
( L* = 62.33, a* = 62.5, b* = 93.4).
800 LPI 900 LPI
L* AE AE
73.27 40.19 45.51 53.95
72.97 40.96 46.42 52.77
73.50 39.68 44.79 54.85
73.45 39.90 44.94 54.61
73.49 39.83 44.42 55.11
73.25 40.28 45.22 54.17
73.32 40.26 45.46 53.98
73.47 39.79 44.86 54.74
73.67 39.50 44.39 55.31
73.38 39.97 45.06 54.47
73.61 39.70 44.56 55.07
73.32 40.17 45.42 54.05
73.38 40.16 45.26 54.21
73.75 39.39 44.47 55.30
73.66 39.50 44.25 55.44
73.38 40.08 45.21 54.29
73.69 39.59 44.21 55.44
73.45 40.08 44.92 54.56
73.35 40.09 44.92 54.53
73.33 40.19 45.56 53.92
73.48 39.79 44.79 54.80
73.32 40.14 45.32 54.15
73.35 40.28 45.33 54.09
73.26 40.30 45.44 53.97
73.24 40.42 45.52 53.84
73.33 40.23 45.12 54.29
73.33 39.97 44.94 54.56
73.40 39.86 44.41 55.09
73.65 39.54 44.15 55.51
73.60 39.61 44.35 55.29
73.58 39.54 44.53 55.15
73.68 39.41 44.56 55.20
73.43 40.01 45.13 54.40
73.41 40.06 44.83 54.64
73.23 40.30 45.04 54.32
73.55 39.71 44.68 54.94
73.42 40.01 44.72 54.76
73.33 40.01 44.84 54.63
73.35 40.06 44.84 54.62
73.34 40.17 45.23 54.22
73.31 40.16 45.16 54.28
73.18 40.40 45.61 53.76
73.25 40.22 45.45 53.99
73.47 39.87 44.95 54.62
73.41 39.94 44.64 54.86
73.03 40.38 45.33 53.99
73.20 39.77 44.85 54.70
72.96 39.40 45.01 54.66
72.63 37.69 43.54 56.64
72.63 37.84 43.71 56.42
72.64 37.79 43.53 56.60
avg avg avg avg
73.35 39.85 44.89 54.66
74.92 36.53 40.83 59.97
74.74 36.78 41.54 59.20
74.75 36.95 41.68 59.01
74.72 37.11 41.82 58.81
74.96 36.67 41.15 59.64
74.91 36.80 41.23 59.50
75.02 36.67 41.16 59.64
75 07 36.43 40.34 60.48
74.96 36.74 41.13 59.63
75.33 35.99 40.01 61.01
75.03 36.58 40.85 59.96
74.89 36.89 41.69 59.06
74.87 36.97 41.62 59.08
75.33 35.99 40.08 60.95
74.92 36.33 40.65 60.22
75.12 36.40 41.09 59.84
75.12 36.32 40.64 60.27
74.88 36.81 41.55 59.21
74.99 36.50 41.05 59.81
74.97 36.58 41.15 59.68
75.04 36.56 41.39 59.49
74.98 36.68 41.03 59.74
75.15 36.19 40.71 60.27
74.80 36.82 41.58 59.16
75.08 36.44 40.84 60.04
74.46 37.54 42.34 58.11
74.35 37.86 42.93 57.44
74.86 36.86 41.49 59.24
75.19 36.22 40.37 60.57
75.04 36.41 41.00 59.90
75.02 36.57 41.03 59.80
74.94 36.66 41.21 59.59
75.10 36.39 40.68 60.20
75.08 36.62 40.97 59.84
74.95 36.80 41.02 59.69
75.35 35.99 39.93 61.08
74.96 36.66 41.10 59.69
75.09 36.45 40.93 59.95
75.24 36.06 40.53 60.51
74.77 37.05 41.99 58.70
74.88 36.69 41.75 59.09
74.97 36.55 41.14 59.70
74.84 36.78 41.45 59.30
74.85 37.03 41.84 58.85
75.22 35.98 40.39 60.66
74.96 36.47 40.95 59.90
75.09 35.79 40.22 60.86
74.72 35.69 40.62 60.48
74.76 35.50 40.47 60.70
74.53 35.78 40.41 60.59
74.05 34.85 40.63 60.72
avg avg avg avg
74.94 36.51 41.06 59.78
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The following is the summary of the simple linear regression analysis used to derive
the relationship between two variables performed by Minitab 10.5.
Standard Strength Ink
The CIE LAB total color difference (AE) vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
AEstd = 44.4 - 3.07 BCM
Predictor Coef Stdev t-ratio p
Constant 44.3602 0.3928 112.92 0.000
BCM -3.0710 0.1063 -28.90 0.000
s = 3.540 R-sq = 67.3% R-sq(adj) = 67.2%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 10467 10467 835.25 0.000
Error 406 5088 13
Total 407 15554
The CIE LAB total color difference (AE) vs. Line Screen per Inch (LPI)
Regression Analysis
The regression equation is
AEstd = 20.0 + 0.0257 LPI
Predictor Coef Stdev t-ratio p
Constant 20.0494 0.2371 84.57 0.000
LPI 0.0257268 0.0003979 64.65 0.000
s = 1.842 R-sq = 91.1% R-sq(adj) = 91.1%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 14177 14177 4180.12 0.000
Error 406 1377 3
Total 407 15554
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The L* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
L*std = 73.4 - 2.26 BCM
Predictor Coef Stdev t-ratio p
Constant 73.3730 0.0804 912.59 0.000
BCM -2.26025 0.02175 -103.93 0.000
s = 0.7245 R-sq = 96.4% R-sq(adj) = 96.4%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 5669.7 5669.7 10801.72 0.000
Error 406 213.1 0.5
Total 407 5882.8
The a* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
a*std = 40.2 + 3.78 BCM
Predictor Coef Stdev t-ratio p
Constant 40.1538 0.2163 185.62 0.000
BCM 3.77980 0.05851 64.60 0.000
s = 1.949 R-sq = 91.1% R-sq(adj) = 91.1%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 15856 15856 4173.02 0.000
Error 406 1543 4
Total 407 17398
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The b* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
b*std = 54.4 + 2.12 BCM
Predictor Coef Stdev t-ratio p
Constant 54.4128 0.2874 189.35 0.000
BCM 2.12015 0.07773 27.28 0.000
s = 2.589 R-sq = 64.7% R-sq(adj) = 64.6%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 4988.7 4988.7 744.02 0.000
Error 406 2722.2 6.7
Total 407 7710.9
High Strength Ink
The CIE LAB total color difference (AE) vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
AE hs = 65.7 - 7.58 BCM
Predictor Coef Stdev t-ratio p
Constant 65.6722 0.4412 148.85 0.000
BCM -7.5761 0.1193 -63.48 0.000
s = 3.976 R-sq = 90.8% R-sq(adj) = 90.8%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 63700 63700 4030.05 0.000
Error 406 6417 16
Total 407 70118
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The CIE LAB total color difference (AE) vs. Line Screen per Inch (LPI)
RegressionAnalysis
The regression equation is
AE hs = 9.38 + 0.0568 LPI
Predictor Coef Stdev t-ratio p
Constant 9.3834 0.2113 44.40 0.000
LPI 0.0567661 0.000354 160.04 0.000
s = 1.642 R-sq = 98.4% R-sq(adj) = 98.4%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 69024 69024 25614.33 0.000
Error 406 1094 3
Total 407 70118
The L* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
L*hs = 77.5 2.69 BCM
Predictor Coef Stdev t-ratio p
Constant 77.5216 0.1171 661.87 0.000
BCM -2.68617 0.03168 -84.79 0.000
s = 1.055 R-sq = 94.7% R-sq(adj) = 94.6%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 8007.9 8007.9 7188.93 0.000
Error 406 452.2 1.1
Total 407 8460.1
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The a* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
a*hs = 32.6 + 4.92 BCM
Predictor Coef Stdev t-ratio p
Constant 32.5534 0.2626 123.95 0.000
BCM 4.92162 0.07104 69.28 0.000
s = 2.367 R-sq = 92.2% R-sq(adj) = 92.2%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 26882 26882 4799.55 0.000
Error 406 2274 6
Total 407 29156
The b* value vs. Cell Volume (BCM)
Regression Analysis
The regression equation is
b*hs = 35.6 + 6.20 BCM
Predictor Coef Stdev t-ratio p
Constant 35.6164 0.3206 111.10 0.000
BCM 6.19931 0.08671 71.50 0.000
s = 2.889 R-sq = 92.6% R-sq(adj) = 92.6%
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 42652 42652 5111.60 0.000
Error 406 3388 8
Total 407 46040
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Table C. The L*, a*, b* and AE values of press sheet printed by the 200 lpi banded
anilox roller and the other three anilox from suppliers. The CIE LAB total color differ
ence (AE) was calculated by using the sample mean of the second press run (200 lpi
banded anilox) as the reference color ( L* = 61.58, a* = 60.51, b* = 69.83).
The Second Press Run ( 200 lpi banded anilox) A ( Harper)
b* AE
61.70 60.41 69.79
61.59 60.61 69.81
61.57 60.66 69.56
61.62 60.57 69.92
61.46 60.78 70.36
61.54 60.60 69.78
61.68 60.58 70.22
61.79 60.52 70.16
61.91 60.13 69.30
61.03 60.23 68.06
61.79 60.39 69.46
61.57 60.49 69.66
61.54 60.68 70.08
61.69 60.63 70.34
61.80 60.34 69.99
61.87 60.20 69.33
61.71 60.55 69.89
61.65 60.63 70.41
61.44 60.85 70.51
61.73 60.15 68.79
61.86 60.15 69.51
61.78 60.23 69.58
61.59 60.45 69.68
61.60 60.51 69.87
61.61 60.47 70.18
61.63 60.57 70.00
61.66 60.46 70.00
61.62 60.52 69.86
61.58 60.55 69.66
61.57 60.55 69.51
61.64 60.46 69.97
61.62 60.25 69.59
61.37 60.70 70.20
61.62 60.53 69.95
61.72 60.40 70.09
61.60 60.46 69.43
61.85 60.19 69.41
61.45 60.67 70.27
61.45 60.62 69.65
61.60 60.51 69.62
61.37 60.78 70.05
61.33 60.90 70.13
61.40 60.52 69.51
61.50 60.56 69.88
61.40 60.71 70.27
61.25 60.97 70.42
61.47 60.50 69.83
61.38 60.72 70.00
61.49 60.55 70.14
61.45 60.50 69.99
61.54 60.27 69.66
avg avg avg
61.58 60.51 69.83
62.00 59.77 68.51 1.57
61.73 60.43 69.65 0.25
61.78 60.39 69.83 0.23
61.87 60.18 69.34 0.66
61.79 60.40 69.70 0.27
61.74 60.42 69.60 0.29
61.77 60.33 69.28 0.61
61.75 60.48 69.97 0.22
61.87 60.23 69.02 0.90
61.73 60.47 69.62 0.26
61.66 60.53 70.03 0.22
62.06 59.88 68.59 1.47
62.09 59.98 69.24 0.94
62.10 59.94 68.93 1.19
62.19 59.73 67.86 2.20
62.08 59.79 67.87 2.15
62.03 59.98 68.61 1.40
61.85 60.31 68.92 0.97
61.61 60.70 70.27 0.48
61.67 60.68 70.50 0.70
62.31 59.35 67.39 2.80
62.09 59.83 68.58 1.51
62.16 59.61 67.89 2.22
62.06 59.81 68.26 1.78
61.95 59.97 69.26 0.87
61.71 60.37 69.31 0.55
61.10 61.46 71.58 2.05
61.58 60.57 69.61 0.23
61.36 60.98 70.66 0.98
61.60 60.64 70.14 0.34
61.05 61.30 71.23 1.69
61.35 60.94 70.08 0.55
61.48 60.77 70.10 0.39
61.44 60.97 70.19 0.60
61.42 60.98 70.48 0.82
61.44 60.85 70.06 0.43
61.52 60.87 70.85 1.08
61.33 61.15 70.51 0.97
61.49 60.85 70.31 0.60
61.57 60.85 70.04 0.40
61.50 60.83 70.12 0.44
61.48 60.78 70.05 0.36
61.39 60.81 69.97 0.38
61.31 61.01 70.49 0.87
61.36 61.03 70.67 1.01
61.54 60.78 70.04 0.34
61.40 61.06 70.91 1.23
62.11 59.75 68.44 1.67
62.06 59.97 69.22 0.95
62.13 59.73 68.24 1.85
62.09 59.92 68.84 1.26
avg avg avg avg
61.72 60.44 69.59 0.29
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Table C (Continue). The L*, a*, b* and AE values of press sheet printed by the 200 lpi
banded anilox roller and the other three anilox from suppliers. The CIE LAB total color
difference (AE) was calculated by using the sample mean of the second press run (200
lpi banded anilox) as the reference color ( L* = 61.58, a* = 60.51, b* = 69.83).
B ( Praxair) C ( Consolidated)
AE AE
62.88 58.83 68.39 2.57
62.93 58.54 67.68 3.21
62.96 58.75 68.22 2.76
62.84 58.73 67.78 2.99
63.04 58.64 68.06 2.96
63.01 58.51 67.63 3.30
63.12 58.46 67.67 3.35
63.07 58.44 67.45 3.49
63.05 58.61 67.95 3.05
62.96 58.76 68.52 2.59
62.86 58.80 68.27 2.65
62.95 58.72 68.08 2.85
62.82 58.78 68.21 2.67
62.98 58.53 67.30 3.50
63.10 58.51 68.16 3.02
63.14 58.40 67.28 3.66
63.11 58.41 67.42 3.54
62.95 58.48 67.38 3.46
63.01 58.36 67.32 3.60
63.01 58.41 67.50 3.45
62.93 58.66 67.58 3.21
63.01 58.57 67.89 3.09
62.97 58.62 67.88 3.05
62.90 58.75 68.17 2.76
62.77 58.77 67.67 3.02
63.04 58.57 67.96 3.06
62.96 58.71 68.22 2.78
62.92 58.71 68.19 2.78
62.82 58.87 68.22 2.61
62.85 58.61 67.63 3.17
62.88 58.58 67.40 3.36
62.84 58.71 67.72 3.05
62.95 58.62 67.56 3.26
62.88 58.76 68.17 2.74
62.97 58.54 67.54 3.33
63.05 58.50 67.54 3.38
63.04 58.63 67.90 3.06
63.06 58.52 67.56 3.36
63.05 58.51 67.76 3.23
62.78 58.82 68.21 2.63
63.01 58.53 67.94 3.09
62.84 58.68 67.58 3.16
63.09 58.48 67.94 3.16
63.09 58.25 66.84 4.04
62.79 58.69 67.90 2.92
62.90 58.48 67.29 3.51
62.80 58.75 68.31 2.63
63.04 58.25 67.29 3.70
62.87 58.11 66.97 3.95
62.79 57.77 67.13 4.03
62.18 56.95 67.34 4.39
avg avg avg avg
62.94 58.54 67.76 3.17
63.05 58.52 68.31 2.90
63.12 58.36 67.85 3.30
62.87 58.38 67.51 3.40
63.08 58.52 67.93 3.13
62.90 58.57 67.54 3.28
63.14 58.42 67.80 3.30
63.12 58.43 67.97 3.19
62.97 58.67 68.55 2.64
62.89 58.70 68.48 2.61
63.11 58.43 68.04 3.14
62.82 58.85 68.74 2.34
62.86 58.79 68.56 2.49
63.05 58.48 67.64 3.33
63.17 58.35 67.48 3.57
62.91 58.69 68.56 2.59
62.86 58.51 67.70 3.19
63.05 58.48 67.77 3.24
63.08 58.47 67.91 3.18
63.08 58.43 67.84 3.25
63.03 58.48 67.84 3.19
63.15 58.19 67.08 3.93
63.14 58.10 66.73 4.23
63.22 58.25 67.51 3.63
63.03 58.30 67.71 3.39
63.07 58.39 67.83 3.27
63.17 58.31 67.55 3.54
63.01 58.46 67.61 3.34
62.93 58.65 68.39 2.71
63.13 58.33 67.81 3.35
62.88 58.68 68.16 2.80
63.03 58.48 67.96 3.12
63.05 58.42 67.45 3.49
63.03 58.44 67.62 3.36
62.96 58.55 67.78 3.15
63.12 58.28 67.31 3.70
63.00 58.53 68.14 2.97
63.04 58.57 67.93 3.08
63.08 58.47 67.87 3.20
62.95 58.57 68.01 2.99
62.95 58.66 68.23 2.80
62.92 58.62 67.95 2.98
62.94 58.59 68.15 2.89
63.17 58.32 67.31 3.70
63.10 58.33 67.12 3.80
63.08 58.47 67.80 3.25
63.17 58.24 67.45 3.65
63.01 58.61 68.19 2.89
63.07 58.48 67.94 3.15
63.11 58.32 67.87 3.31
63.28 58.07 67.01 4,10
62.95 58.50 68.11 2.98
avg avg avg avg
63.04 58.46 67.84 3.21
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Table C (Continue). The L*, a*, b* and AE values of press sheet printed by the 200 lpi
banded anilox roller and the other three anilox from suppliers. The CIE LAB total color
difference (AE) was calculated by using the sample mean of the second press run (200
lpi banded anilox) as the reference color ( L* = 61.58, a* = 60.51, b* = 69.83).
The Third Press Run ( 200 lpi banded anilox)
L* a* b* AE
61.37 60.93 70.97 1.23
61.29 60.73 70.60 0.85
61.47 60.78 70.97 1.18
61.48 60.76 70.69 0.90
61.38 60.76 70.62 0.85
61.35 60.89 70.97 1.22
61.40 60.73 70.53 0.76
61.25 60.97 71.48 1.74
61.38 60.72 70.67 0.89
61.40 60.80 7078 1.01
61.38 60.69 70.61 0.83
61.40 60.83 70.83 1.07
61.47 60.51 70.37 0.55
61.38 60.54 70.10 0.34
61.24 60.92 71.09 1 37
61.30 60.82 70.81 1.07
61.24 60.90 70.96 1.24
61.09 60.75 69.95 0.56
61.29 60.59 70.04 0.37
61.36 60.73 70.59 0.82
61.19 60.79 70.44 0.78
61.32 60.56 70.15 0.42
61.21 60.82 70.67 0.97
61.36 60.72 70.61 0.84
61.33 60.74 70.26 0.55
61.43 60.64 70.57 0.77
61.34 60.71 70.54 0.78
61.31 60.67 70.18 0.47
61.46 60.66 70.54 0.74
61.27 60.84 70.53 0.83
61.27 60.83 70 71 0.99
61.10 60.94 70.51 0.94
61.31 60.64 70.43 0.67
61.51 60.47 69.86 0.09
61.39 60.59 70.16 0.39
61.41 60.54 69.91 0.19
61.23 60.85 70.70 1.00
61.24 60.77 70.48 0.78
61.29 60.70 70.30 0.58
61.26 60.67 70.23 0.54
61.30 60.87 70.82 109
61.26 60.76 70.48 0.77
61.48 60.54 70.17 0.36
61.34 60.61 70.10 0.37
61.26 60.85 70.82 1.09
61.27 60.58 69.94 0.34
61.31 60.68 70.26 0.54
61.24 60.68 70.10 0.47
61.36 60.43 70.34 0.56
61.09 60.23 69.77 0.57
60.88 59.58 69.42 1.23
avg avg avg avg
61.31 60.69 70.46 0.71
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Table D. The CIE LAB total color difference (AE) measurement across the web
(between blocks ABC, DEF and GHI)
86
Press Sheets AE Measurement Between Blocks Across the Web
AEab AEac AEbc AEde AEdf AEef AEgh AEgi AEhi
0.49 1.93 2.32 0.54 1.09 1.53 0.68 1.71 2.24
0.55 1.64 1.13 0.94 1.17 0.78 0.57 0.88 0.58
A (Harper) 0.36 0.15 0.42 0.29 0.91 0.94 0.93 0.51 0.49
1.03 0.45 0.59 0.66 0.51 0.22 0.61 0.75 0.32
0.86 1.78 0.95 0.7 1.45 1.65 1.33 1.42 2.64
0.35 0.42 0.73 0.98 0.29 0.69 0.42 0.9 0.49
0.53 0.17 0.62 0.13 0.83 0.77 1.16 0.99 0.28
B (Praxair) 0.6 1.54 2.14 0.64 0.42 0.3 1.28 1.14 0.18
0.85 0.38 1.2 0.64 0.06 0.68 0.58 0.94 0.36
0.27 0.5 0.24 1.01 0.5 0.55 0.11 0.49 0.44
0.66 0.86 0.43 1.69 2.35 0.66 0.27 1.38 1.15
0.45 0.37 0.39 0.15 1.21 1.32 0.35 0.77 0.89
C (Consolidated 0.73 0.84 0.18 0.63 0.65 1.21 0.69 0.35 0.86
0.17 0.54 0.53 0.39 0.35 0.33 1.1 1.86 0.77
0.77 1.79 1.03 0.58 1.27 0.71 0.52 0.47 0.83
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The following is the summary of the Kruskal Wallis test used to verify the color con
sistency across the web. This test performed byMinitab 10.5 at the significant lavel of
a = 0.05.
A (Harper)
Kruskal-Wallis Test
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
l(ab) 5 0.5500 6.2 -1.10
2(ac) 5 1.6400 8.8 0.49
3 (be) 5 0.9500 9.0 0.61
OVERALL 15 8.0
H = 1.22 d.f. = 2 p = 0.544
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
4 (de) 5 0.6600 5.3 -1.65
5 (df) 5 1.0900 9.8 1.10
6 (ef) 5 0.9400 8.9 0.55
OVERALL 15 8.0
H = 2.83 d.f. = 2 p = 0.243
H = 2.84 d.f. = 2 p = 0.242 (adjusted for ties)
LEVEL
7(gh)
8(gi)
9 (hi)
OVERALL
NOBS
5
5
5
15
MEDIAN
0.6800
0.8800
0.5800
AVE. RANK
7.6
9.0
7.4
8.0
Z VALUE
-0.24
0.61
-0.37
H = 0.38 d.f. = 2 p = 0.827
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 5 0.5500 16.1 -1.25
2 5 1.6400 25.6 0.47
3 5 0.9500 25.4 0.43
4 5 0.6600 16.1 -1.25
5 5 1.0900 28.2 0.94
6 5 0.9400 25.1 0.38
89
7 5 0.6800 21.8 -0.22
8 5 0.8800 25.6 0.47
9 5 0.5800 23.1 0.02
OVERALL 45 23.0
H = 4.27 d.f. = 8 p = 0.831
H = 4.27 d.f. = 8 p = 0.831 (adjusted for ties)
Descriptive Statistics
Variable N Mean Median TrMean StDev SEMean
CIO 45 0.9836 0.8800 0.9495 0.6026 0.0898
Variable Min Max
CIO 0.1500 2.6400
Ql Q3
0.5250 1.4350
B (Praxair)
Kruskal-Wallis Test
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
l(ab) 5 0.5300 7.2 -0.49
2(ac) 5 0.4200 6.6 -0.86
3 (be) 5 0.7300 10.2 1.35
OVERALL 15 8.0
H = 1.86 d.f. = 2 p = 0.395
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
4(de) 5 0.6400 9.6 0.98
5(df) 5 0.4200 5.6 -1.47
6(ef) 5 0.6800 8.8 0.49
OVERALL 15 8.0
H = 2.24 d.f. = 2 p = 0.327
H = 2.24 d.f. = 2 p = 0.326 (adjusted for ties)
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
7(gh) 5 0.5800 8.8 0.49
8(gi) 5 0.9400 10.7 1.65
9 (hi) 5 0.3600 4.5 -2.14
OVERALL 15 8.0
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H = 5.04 d.f. = 2 p = 0.081
H = 5.05 d.f. = 2 p = 0.080 (adjusted for ties)
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 5 0.5300 19.8 -0.58
2 5 0.4200 19.3 -0.67
3 5 0.7300 30.0 1.26
4 5 0.6400 26.8 0.69
5 5 0.4200 15.7 -1.32
6 5 0.6800 24.8 0.33
7 5 0.5800 25.0 0.36
8 5 0.9400 33.5 1.90
9 5 0.3600 12.1 -1.97
OVERALL 45 23.0
H = 10.93 d.f. = 8 p = 0.207
H = 10.93 d.f. = 8 p = 0.207 (adjusted for ties)
Descriptive Statistics
Variable N Mean Median TrMean StDev SEMean
CIO 45 0.6398 0.5500 0.6083 0.4114 0.0613
Variable Min Max
C10 0.0600 2.1400
Ql Q3
0.3550 0.8750
C (Consolidated)
Kruskal-Wallis Test
LEVEL
l(ab)
2(ac)
3 (be)
NOBS
5
5
5
MEDIAN
0.6600
0.8400
0.4300
OVERALL 15
AVE. RANK
7.4
10.2
6.4
8.0
Z VALUE
-0.37
1.35
-0.98
H = 1.94 d.f. = 2 p = 0.379
LEVEL
4 (de)
5 (df)
NOBS
5
5
MEDIAN
0.5800
1.2100
AVE. RANK
6.0
9.5
Z VALUE
-1.22
0.92
91
6(ef) 5 0.7100 8.5 0.31
OVERALL 15 8.0
H = 1.62 d.f. = 2 P = 0.444
H = 1.63 d.f. = 2 P = 0.443 (adjusted for ties)
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
7 (gh) 5 0.5200 5.3 -1.65
8 (gi) 5 0.7700 8.6 0.37
9 (hi) 5 0.8600 10.1 1.29
OVERALL 15 8.0
H = 3.02 d.f. = 2 P = 0.222
H = 3.03 d.f. = 2 P = 0.221 (adjusted for ties)
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 5 0.6600 17.7 -0.96
2 5 0.8400 26.1 0.56
3 5 0.4300 15.1 -1.43
4 5 0.5800 18.1 -0.88
5 5 1.2100 29.7 1.21
6 5 0.7100 25.6 0.47
7 5 0.5200 16.8 -1.12
8 5 0.7700 26.6 0.65
9 5 0.8600 31.3 1.50
OVERALL 45 23.0
H = 8.58 d.f. = 8 p = 0.380
H = 8.59 d.f. = 8 p = 0.379 (adjusted for ties)
Descriptive Statistics
Variablei N Mean Median TrMean StDev SEMean
C10
Variable
45 0.7889 0.6900 0.7554
i Min Max Ql Q3
0.4845 0.0722
C10 0.1500 2.3500 0.4100 1.0650
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Table F. The visual evaluation data. The following is the result of the visual evaluation
to indicate the degree of which each sample match the standard patch ( the second
press run sample sheet).
B (Praxair) C (Consolidated) The 3rd press run (banded anilox)
1 3
2 3
2 3
1 4
1 3
1 3
1 4
2 4
2 3
3 4
3 4
4 4
2 3
2 3
2 3
2 4
3 2
1 3
3 1
1 4
1 4
4 2
2 3
1 2
3 4
3 4
2 1
3 3
1 2
1 4
1 3
2 3
2 4
1 2
3 2
0 3
1 3
2 1
1 4
0 4
0 2
avg avg
1.780 3.049
sd sd
1.01 0.92
Observer No. A (Harper)
1 2 1
2 4 3
3 3 2
4 3 2
5 4 2
6 4 1
7 3 1
8 3 2
9 4 3
10 3 2
11 4 2
12 4 4
13 3 3
14 2 3
15 3 2
16 3 2
17 3 2
18 4 2
19 4 1
20 3 3
21 3 3
22 4 3
23 4 1
24 3 1
25 4 3
26 2 2
27 4 1
28 4 4
29 4 3
30 3 1
31 4 2
32 4 2
33 4 3
34 3 1
35 3 2
36 0 0
37 2 3
38 3 3
39 3 2
40 2 0
41 0 3
avg avg
3.146 2.098
sd sd
0.99 0.97
